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• - -1- 

SUBSTITnTED l,2,3,4-TETIUmYDRO-2-DIBEiraOFUBANaMIl^ AND 2- 
ftMINOCYCtOHEPTA(bl BEKZOFURAHS 

^eorlea regarding the pathophysiology of migraine have 
5 been dominated since 1938 ty the work of Grahaxa and Wolff 
(Arch. Jfeuroi. P^dtxiatry, 2i# 737-63 {1938}). Ihey 
proposed that the cause of adgraine headache was 
vaaodilatation of extracranial vessels. This view was 
stipported by knowledge that ergot alkaloids and stamatriptan, 

10 a lydrophilic 5-HTi agonist vAiich does not cross the blood- 
brain barrier, ccmtract cephalic vascular smooth muscle and 
are effective in the treatment of migraine. (Humphr^r, et 
al., Ann. NY Acad. Sci., iaiL/ 587-600 (1990)). Recent work 
by Moskowitz has shown, however, that the occurrence of 

15 migraine headaches is independent of changes in vessel 
diazneter {CegOialalgia, 12, 5-7, {1992)). 

Moakowitz has proposed that currently unknown triggers 
for pain stimulate trigeminal ganglia which innervate 
vasculature within the c^halic tissue, giving rise to 

20 release of vasoactive neuropeptides from axons on the 

vasc\ilature« These released nmiropeptides then activate a 
series of events, a consequence of which is pain. Hiis 
neurogenic inflammation is blocked by sumatriptan az^ ergot 
alkaloids by mechanisms involving S-^BT receptors, believed 

25 to be closely related to the 5-BTid stabtype, located on the 

trigeminovasculsu: fibers (NeuroioaK# ^(suppl. 3), S16-S20 
(1993)). 

Serotonin (5-RT) exhibits diverse physiological 
activity mediated lay at least foxur receptor classes, the 
30 most heterogeneoiis of which appears to be 5*^HTi. A human 
gene tidiich expresses a fifth 5-HTi subtype, named S-HTip^ 

was isolated b/ Kao and coworkers iProc. IKati. Acad. Sci. 
nSAt 408-412 (1993)). This 5**BTif receptor e^ibits a 

plMzmacological profile distinct from any serotonergic 
35 receptor yet described, ibe high affinity of sumatriptan at 
this subtype, Ki«23 x2H, suggests a role of the 5-HTif 

receptor in migraine. 



wonmsQz 



This invention provides novel 5-HTip agonists which 
inhibit peiptide extravasation due to stimulation of the 
trigeminal ganglia, and are therefore useful for the 
treatment and prevention of migraine and associated 
5 disorders. 

The present invention provides novel 8-substituted- 
l,2,3,4-tetrahydro-2-dibenzofuranaBdnes and 9-substituted-2- 
aminocvcloh^ta[b]benzofurans of Formula I: 



10 




X 

therein: 

r1 and r2 are independently hydrogen, C1-C4 alkyl« 

braizyli or a-iiiethyl-4-nitroben2yl; 
15 X is nitro, halo, -OH, -NH2. -CN, -NHC{0)r3, 

-CI0)r6, -NHSO2R'', or -SO2NHRIO; 

r3 is Ci-Cfi alkyl, C2-C6 alkenyl, C3-C8 cycloalkyl, 

phenyl, substituted s>benyl, naphthyX, phenyl (C1-C4 

alkylene) , thienylmetliyl, or a heterocycle; 
20 R^ is hydrc^« aadno, C1-C6 alkosiy, b^zyloaq^, phenoav, 

or -NHR^; 

r"^ is Ci^C6 alkyl, phenyl or phenyl monosubstituted 
with halo or 01-^04 all<yl; 

r8 is Ci-Cg allvl, C2-C6 alkenyl, C3-C8 cycloalkyl, 

25 phenyl, substituted phenyl, naphthyl, or a heterocycle; and 
rIO is C1-C6 all^l, phenyl or phenyl monosidsstituted 
with halo or Ci**C4 alkyl; 

m is 1 or 2; and phaxmaceutically acceptable salts 
thereof. 



A further embodiment of this invention is a inetbod for 
increasing activation of the 5-HTif receptor by 

administering a cosiq^ound of Pozinula I« 

Activation of the 5-HTip receptor provides a inethod for 

5 treating a variety of disorders triiich have been linked to 
decreased neurotranssdssion of serotonin in mansnais. 
Included ainong these disorders are d^ressicmt migraine 
pain, prevration of ndgraine, bulizoia, premenstrual syndrome 
or late luteal phase syndrome, alcoholism, tobacco abuse i 

10 panic disorder, anxiety, post-traunatic syn6rcm&, memory 
loss, dementia of aging, social phobia, attention deficit 
hyperactivity disorder, disruptive behavior disorders, 
ia^mlse control disorders, borderline personality disorder, 
obsessive compulsive disorder, chronic fatigue syndrome, 

15 praic^ture ejaculation, erectile difficulty, anorexia 
nervosa, disorders of sle^, autism, mutism, allergic 
rhinitis, cold symptoms, pain, or trichotillonanid. Any of 
these methods eoplqy a conpound of Formula !• 

In addition, this invmition provides pharmaceutical 

20 fonmilations comprising an effective amount for activation 
of the 5-HTip recei)tor of a coaaqpound of Formula 1, in 

combination with a suitable pharmaceutical carrier, diluent, 
or excipient. 

This invention also provides the use of a casnpoxmd oiE 
25 Formula I for the manufacture of a medicament for the 
prevention or treatment of migraine and associated 
disorders. Additionally, this invention provides a 
pharmaceutical formulation adapted for the prevention or 
treatn^t of migraine containing a compound of Formula I. 
30 Furthermore, this invention includes a method for the 
prevention or treatment of migraine wliich coisprises 
administering an effective amount of a compound of Formula 
I. 

!l!he general chemical terms used in the formulae above 
35 have their ustial meanings* For example, the term "alkyl" 
include such groups as metlfyl, ethyl, 2L**p3ropyl# isoprqpyl, 
a-*butyl, isobutyl, asSr^My^M £i^--butyl, 1-pentyl, 2-pent-- 



won/OBSsst 



yl^, 3-pentyl-^ neqpentyl^ hm^ls and the like. Tftxe term 
■alkoav* includes jnethaw, ethoxy^ isopropc»V/ butoxy, ifict- 
butoxy, hexyloxy, and the like. Vhe term ••alkylthio^ 
includes metlylthio, ethyithic, isopropylthio, butylthio, 
5 isEt-butylthio, he^Qrlthio, and the like. The term "alkenyl" 
includes allyl, l-buten-4-yl, 2-nvethyl-l-'buten-4-yl, 2- 
buten-4-yl, l-penten-5-yl, 4-xnethyl-2-penten-5-yl, 2-penten- 
5-yl, 3-penten-5-yl^ l-liexan-6-yl^ 2-bexen-6-yl, 3-hexen--6- 
yl, 4-hex^-6^1 and the like. Vtxa term '*acyl" includes 

10 fomyli acetyl, propancyl, butanoyi^ and 2-anettaylprQpanoyl. 
The term ""cydoalkyl " includes.. such groups as cyclopropyl* 
cyclobutyl, cyclopentyl, cyclohe>q^l, cycloheptyl and 
qyclooctyl. Hie terxn '•phenyl (C1-C4 alkylene) ■ includes such 
groups as benzyl, phenethyl, l-phenyl-2-methylpropyl, 

15 phenpropyl and phenbutyl. The term " (C1-C4 alkyDsulfonyl* 
includes tnethanesulfonyl^ ethanesulf onyl » propanesulfonyl, 
isopropanesulfotiyl^ butanesulfor^l and the like. The term 
*halo** includes fluoro« chloro, broxno and iodo. 

The term *st2bstituted phex^l* is taken to mean a phenyl 

20 grow substituted with one substituent selected from the 
grotrp consisting of halo, C1-C4 alkyl, Ci-C4 alkoxy, C1-C4 
alkylthio, nitro, cyano, ditCi-C4 alkyl) amino, 
trifluoromethyl, trif luoromethoxy, phenyl, C1-C4 acyl, 
benzoyl or (C1-C4 alkyDsulfonyl, or two to three 

25 siibstituents independently selected from the group 

consisting of halo, nitro, Ci«-C4 alkyl, or C1-C4 alkWQr. 

The term ""heterocycle" is taken to mean cqptionally 
substituted furyl, thienyl, pyridinyl, pyridiiQrl*^N-oxide, 
jyrrolyl, N-msthylpyrrolyl, oxazolyl, isoxazolyl, pyrazolyl< 

30 imidazolyl, triazolyl, oxadiazolyl, thiadiazolyl^ 
SW'J^iffiidinyl, xyrazinyl, pyridazinyl, quinolinyl, 
isoquixiolixQrl, benzofuranyl, benzolbl thienyl, or IH-indolyl 
bonded through any available ring carbon atom. C^tional 
substitution of these heterocycles vdth 1-3 substituents, 

35 selected from the gxo\xp consisting of halo, C1-C4 alkyl or 
C1-C4 alkoixy, may occur on available ring carbon atoms. 
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Ohe term •aHfiiethyl-4-nitroben2yl« is taken to mean the 
racemic form as well as the individual and 
( - } -enant iomers • 

The term •'alkoxycarboiyl" is taken to mean an ester 
5 moiety whose oxygen atcm bears a C1-C4 alJ^l or C3-C6 

cycloalJr^l . 

Ihe term 'aryloxycarbooyl*' is taken to mean an ester 
moiety whose oxygen at<mi bears a phenyl, beassyl, naphthyl, 
substituted phaoyl or heterocycle group. 
10 The coxngpounds o£ the present invention possess an 

asymmetric carbon labelled with an asterisk in the following 
£ormala : 




15 As such, each o£ the caonpoimds o£ the present invention 

exists not only as the raceznate but as individual d- and 1- 
enantiomers as well; 




20 

The conpounds of the present invention include not only the 
dl-raceraLtes, but also their respective optically active d-* 
and l-exiantiomers* Particularly useful chiral intermediates 
for the pr^aration of the coxnpounds of this invention are 
25 those cospounds where X is bromo, or 
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Hhile all of the compounds o£ this invention axe 
useful ad 5*-HTif agonists* certain classes are preferred. 
Olie following paragraphs describe sudi preferred classes. 

aa) r1 is Ixydrogem 

ab) r1 is Ci-Cg all^l; 

ac) r1 is ethyl; 

ad) is inethylj 

ae) r3 is l^drogen; 
af» r2 is Ci-Cg alkyl? 

ag) R^ is ethyl; 

ah) .R^ is methyl; 

ai) X is -OH; 

aj) X is -NHC(0)r3; 

ak> X is -C(0)r6; 

al) X is -NHS02R''; 

am) X is -SO2MHR10, 

an) r3 Is Ci-Ce all^l; 

ao} r3 is C2*-C6 alkenyl; 

ap) r3 is C3-C6 cycloaHyl; 
aq; is cyclobutyl; 

ar) r3 is cycloprcqpyl; 

as) r3 is phenyl; 

ait) R^ is phenyl xaonosubstituted with halo; 

au) R^ is phenyl monosubsti-tuted with fluoro; 

av) r3 is phenyl monosvibstituted with chloro; 

aw) R^ is 4-fluorophervl; 

ax) V? is 2-chlorQph^l; 

ay} r3 is phei^l monosubstituted with alkocxy; 

as) r2 is phenyl xnonosubstituted with Ci^C4 alkyl; 

ba) r3 is phenyl xnonosxibstituted with methyl; 

bb) r3 is 2-inetlvlphenyl; 

be) r3 is phenyl distibstituted with halo; 

bd) r3 is 2-chloro--4-fluorophenylj 

be) r3 is a heterocycle; 

bf } r3 is furyl optionally substituted with C1-C4 
alkyl, C1-C4 alkoaVf or halo; 

bg) r3 is 2-furyl; 
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bh 
bi 



&Xkyl or Ca-C4 alkojcir; 



bj 
bk 
bl 



r3 is 3-furyl; 

r3 is thienyl optionally substituted vith C1-C4 



r3 is 2-thie3aylJ 
r3 is 3-thieivl; 

r3 is pyxidinyl optionally substituted with halOi 



C1-C4 alkyl or C1-C4 alkoac/; 

tm) R^ is 3-pyridinyl; 

bn) R^ is 4-pyridinyl; 

10 bo) r3 is 6-halo-3-pyridiryi; 

bp) rS is bydroxyj 

bq) rS is Ci-Cg alkoxyi 

br) rS is benayloxy? 

bs) R^ is phenoxyi 

15 bt) R^ is -NKrB; 

bu) rS is -NHr8 where r8 is C1-C6 alkyl; 

bvj R^ is -NHr8 where R^ is phenyl; 

bw) r6 is -NHr8 where R^ is substituted phenyl; 

bx) R^ is -NHR^ where R^ is a heterocycle; 

20 by) R*^ is dinetlylainino; 

bz) R*? is Ci-Cfi allcyl; 

ca) R*^ is phenyl; 

cb) R*^ is substituted phe^yl; 
cc} m is 1; 

25 cd) m is 2; 

ce) VhB coiqpotmd is a racemate; 

c£) The consiound is the l-enantiomer; 

eg) The coBCKnmd is the d-enantiozner; 

ch) ^6 coinpound is a free base; 

30 ci) The conipound is a salt; 

cj) The coii«)ound is the hydrochloride salt; 

ck) The coxqpound is the fumarate salt; 

cl) conqpound is the oxalate salt. 

It will be understood that the above cTasTes may 1>e condbined 
35 to form additional preferred classes* 



Obe conpounds of this invention are useful in a xnethod 
-for increasing activation of the 5-HTip receptor for 

treating a variety of disorders which have been linked to 
decreased neurotransxidsslon of serotonin in maininals. It is 
5 preferred that the mammal to be treated by the 

administration of coiqpounds of this invention is human. 

Since the coiqpounds of this invention are amines, th€v 
are basic in nature and accordingly react with any of a 
nuxDber of inorganic and organic acids to form 

10 pharmaceutically acceptable acid addition salts. Since some 
of the free amines of the compounds of this Invention are 
typically oils at room tenperaturs/ it is preferable to 
convert the free amines to their pharmaceutically acceptable 
acid addition salts for ease of handling and administration, 

15 since the latter are routinely solid at room tenqperature . 
Acids commonly employed to fom such salts are inorganic 
acids such as hydrochloric acid, l^drobramicacid, 
hydroiodic acid, sulfuric acid, phosphoric acid, and the 
like, and organic acids, such as j2«-toluenesulfonic acid, 

20 methanesulfonic acid, oxalic acid, 22t-hromopheb^lsulfonic 
acid, carbonic acid, succinic acid, citric acid, benzoic 
acid, acetic acid and the like. Bxazcqples of such 
pharmaceutically acc^table salts thus are the sulfate, 
pyrosulfate, bisulfate, sulfite, bisulfite, phosphate, 

25 monohydrogenphosphate, di]:^drogenphosphate, metaphosphate, 
pyrophosphate I dhloride, brcmde, iodide, acetate, 
propionate, decanoate, caprylate, acrylate, formate, 
isobutyrate, caproate, faeptanoate, propiolate, oxalate, 
malonate, succinate, suberate, sebacate, fumarate, maleate, 

30 butyne-l,4-dioate, hexyne-1, 6-dioate, benzoate, 
chlorobenzoate, metbylbenzoate, dinitrobenzoate, 
hydroxybenzoate, methoxybenzoate, phthalate, sulfonate, 
xylenesulfonate, phenylacetate, phez^lpropionate, 
phenylbutyrate, citrate, lactate, p-hydroxybutyrate, 

35 glycollate, tartrate, methanesulfonate, propanesulfonate, 
naphthalene-l*-sulfonate, naphthalene-2-8ul£onate, mandelate 
and the like/ Preferred pharmaceutically acceptable salts 



fctiusnruBSi 



-9- 

are those forsned with liydrochloric acid, oxalic acid or 
fuinaric acid. 

The following group is illustrative of coxnpounds 
conteaoDplated within the scope of this invention: 

5 

N, N-dimethyl -8 -hydro«y-l ,2,3,4 -tetrahydro-2-diben20- 
f uraxiasane 

M,N-dixttethyl-8-aiaino-l^ 2 , 3, 4-tetrahydro-2-dibenzo- 
10 furanaxoine hydrochloride 

N,K-dietlyl-8-f luoro-X, 2, 3, 4-tetrahydro-2-dibenzo- 
furanaxnine 

15 N-ethyl-8-chloro-l ,2,3, 4-tetrahydro-2 -dibenzof uranamine 

sulfate 

N-xi»thyl-N-ben3Qrl-8-bromo-l ,2,3, 4-tetrahy<2ro-2- 
dibenzofuranaxnine 

20 

N,N-diprppyl-8*iodo-l, 2, 3, 4-tetraly^o-2-diben20- 
f uranasdne lydrobromide 

H- (KT, N-dimethyl-l, 2,3, 4-tetrahydrO"2-aiainodibett20-f ur- 
25 S-^lJacetamide 

(N,N--dixnethyl-l, 2,3, 4*-tetrafaydro-2-ax&inodibenzo-£ur- 
B-yl } proE>ananiide 

30 (-) -N- (N^W-dimethyl-l, 2 ,3 , 4-tetrahydro-2-aiiu.nodi- 

benzof ur-8-yl ) hexanaxnide phosphate 

(N, N*-diatetlvl-l« 2 , 3 , 4-tetrataydro-2-asdnodib6nzo-£ur- 
8-yl} acrylasdde 

35 

tN,N-dixnetbyl->l,2, 3, 4-tetrahydro-2-aininodibenzo-£ur- 
8-yl}cyclobutanandde acetate 
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(N,M-dinietJvl-l, 2, 3, 4-tetrahydro-2-ainxnocJibenzo-£ur- 
8 -y 1 ) cyclohexanaxnide 

5 (N, M-dixnethyl-1 ,2,3, 4-tetralvdro-2-aiidnoditoenzo-f ur- 

8-**yl)benzamide 

N- (N-methyl-N-isopro»yl-l, 2,3, 4-tetralvdxx>-2-amino- 
dibenzof ur-8 -yl ) na^hth-l^ylamide decanoate 

10 

N- (N, N-dimethyl-l, 2 , 3 , 4-tetrahydro-2-aininodiben20-fur- 
8 *>y 1 ) naphth--2 -ylaxnide 

(N,N-di3netl:yl-l,2, 3,4-tetral:ydrc-2-aininodibenzo-fur-' 
15 8 -yl ) phenylacetamide 

N- (N, N-dixnethyl-l, 2 , 3 , 4-t6trait/dro-'2-amiiodibenzo*-Cur- 
8--yl } -3 -inethosKythien-'2 -ylacetamide 

20 N- (N,N-dia3(iethyl-lr 2 , 3 , 4-tetrahydro-2-aminodibenzo-f ur- 

8*-y 1 ) pyrrol 8-2 ^-carboxamlde 

(N, N-'diinethyl-l , 2 , 3 , 4- tetralydro-2 -aIninodiben20-£ur-• 
8-yl)-5-Jn8thyloxa2ole-2-carboxalaide acxylate 

25 

(N,N-dixnethyl--l, 2,3,4-tetrafaydro-2-axninodlbenzo-£u^ 
8-^yl ) oxazole-4-carboxainide 

Mr (N,N-dixnetlvl-l, 2, 3 , 4-tetrahydro-2-aminodiben2o-f ur- 
30 8-yl) i80xazole-3"Carb»caxidde 

(M,N-diinetbyl-l ,2,3, 4-tetrahydro-2-axidnodiben2o-f ur- 
8«yl ) pyrazole-3 -carboxaxaide formate 



35 (1, 2, 3 , 4-tetrahydro-2-axEdnodibenzof ur-8-yl) pyra-zole- 

4-carboxamide 
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N- (HeN-dintetlvl"l • 2, 3 , 4-tetralvdro-2-aniinodlbea2D--f 
8-yl)izAidazole*-2-carboxaniide nalonate 

W- {N,N-din»thyl-l,2, 3,4-tetralvdro-2-a^dnodib8nzo-fur- 
5 8-yl}iinidazold-4-*carbc»cainide 

H- (Mr N-dimetivl -1 , 2 , 3 , 4-tetraly dro-'2 -aadnodibenzo- Cur- 
B-yl) -1,2^ 3-*tria2ole-*4-carboxamide f lamarate 

10 N- (N^M-dixnethyl-l ,2,3, 4-tetrahydro-'2-aiidnodiben20-f ur- 

8<-yl) -5-chloropyrixiddine-2-carboxandde 

N- (N, N-dimethyl -1,2,3, 4-tetrahydro-2*afliinodibenEO-f ur- 
8-yl ) £^iznidine-4-carboxasnide butyne-1 « 4-'dioate 

15 

N- (M, K-dimetlyl-l * 2 , 3 , 4-t8trahydr6-2-aiidnodibenzo-f ur- 
8«-yl)pyrazine->2*-carboxa]idde benzoate 

N- (K~hexyl-1 ,2,3, 4-tetrahydro-2-aininodiben2of ur-8- 
20 yl) pyx*idazi3aie-3 -carboxanide 

(N,N--diin8tJyl-l,2, 3^4~tetralvdro-2-aiidnodibenzo-f^ 
&-yl) pyridazine-4-carboxaxnide 4-chloroben2oate 

25 (H-netbyl-N-phenethyl-l #2^3, 4-tetra33ydro-2-aiiiino-- 

dibenzo£iar-8*yl}quinoline*-2*carboxamide phthalate 

N- (N-isobutyl-1 ,2,3, 4-tetrahydro-2-an>inodiben2of ur-8- 
yl) quinoline-4-carboxflnni.de p«toluenesul£onate 

30 

N- {N, N-dimetlyl-l ,2,3 , 4-tetrahydro-2-aininodibenzo-f ur- 
8-yl} Quinoline-5-carboxamide iriethanesxilf onate 

, N- {N , N-dixnetbyl -1 #2,3, 4*tetrahydro-2-aminodibenzo-£ur- 
35 e-*yl)isoguinoline-l-carbo>caaiide dichloroacetate 
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N- (N, N-dimethyl-l ^ 2 , 3 , 4-t8trahydro-2-aininodib«nTO-f ur- 
S-yl) xsoguiAOlin6--3-carboxaiiiide trifluoroacetate 

N- (N, N-dimetlyl-l, 2 , 3 , 4-tetrahydro-2-aniinodibenEO-f ur-- 
5 8 -yl ) benso [b J f uran-2 -carboxainide citrate 

N- (N,ll*-diii»tlvl-l, 2,3, 4-tetralvdro-2-aiainodibenzp-f iir- 
S-^yl } bezizo [bl £tiran**3-carboxa]nide tartrate 

10 (+) -N-,(»,M-diniethyl-l,2,3,4-tetrahydro-2-amino- 

dibei:i2o£ur-87yX) benzp [c] f uran-4-carbaKaznide 

N- (N-xnetlyl-N-butyl-l ,2^3, 4-tetralydro-2-amino- 
dibenzof txr-8-yl) -5-bromoben2o[bl thien-2-carboxamide 

15 

K- (N, N-'aiinethyl-l# 2,3, 4-tetrahydro-2-ainiaodibenzo-f ur- 
8**yl } benzo [b] thien-3-carboxasdde 

{ - ) -N- (N, N-dixnethyl^l » 2 , 3 , 4-tetrahydro-2 -amino- 
20 dibenzof ur-8-yl } benzo [c] thien-4-carboxainide hippurate 

N- (N,N-dixiiethyl-l ,2,3, 4-tetrahydro-2-aiainodibenzo-f ur- 
B-yl) benzo [b] thien-6-carboxainide naphthalene-l-sulf onate 

25 N- (N,N-diinethyl-l, 2, 3, 4-tetrahydro-2-aminodibenzo-f ur- 

8-yl} -6-ethoxyindol6-2-carboxainide 

{N,N-diiTiethyl-l, 2, 3, 4-tetrahydro-2-ajninodibenzo--fur-- 
8-ylJ luoroindole-3-carboxainide 

30 

N- (N, N-dimethyl-l, 2 , 3 , 4-tetrahydro-2-aHiinodibenzo-f ur- 
8-yl) indole-S-carboxaniide 

N' -^thyl-N,N-diioethyl-l #2,3, 4-tetrahydro-2-dibenzo- 
35 furanaxnine-8-carboxainide 
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-isobutyl-N,N-dixRathyl-l, 2,3, 4-tetrahydrO'-2•• 
dibe^^o£ura2xaxldne-8 -carboxaxaide 

N' ^-heayl-N^N-diinethyl-l, 2 , 3, 4-tetrahydro-2-diben^ 
5 furanainine-S-carboxamide 

-propenyl-1 ,2,3, 4-tetralvd5fo*2-diben2of uranainine--8- 
carboxaxnlde 

10 N * -cycloprqpy l-N-inetlvl-N-"ben2yl-l, 2 , 3 # 4-tetralvdro-2 

dibenzofuranasnine-S-carboxanlde 

{+ ) -N • -cyclohexyl-N,N-diittethyl-l ,2,3, 4-tetrahydro-2- 
dibenzof uranaxaine-8- carboxamide 

N* -phCTyl-ll,M-diin8thyl-l, 2,3, 4-tetrahydro-2-dibenzo- 
furanamlne-S-^carboxainide 

N' - 14-f luorophenyl) -^N-butyl-K^-ethyl-l, 2 , 3, 4-tetra- 
2 0 t3ydro-2 -dibenzofiuranamine- 8 •*carboxainide 

- (naphth-l-yl) -N,H-diiaethyl-l, 2,3, 4-t:etrahydro-2- 
dibenzofuranandne-S-carboxainide 

25 N • - { f ur-2 -yl ) -N, M-diaethyl-l ,2,3,4 -tetrahydro-2 - 

dibenzofurana]idne-8**carbc)xaiidde 

N ' - { thien-3 -yl ) -N, N-diasthyl-l, 2,3, 4-tetrahydro-2- 
dibanzo£\2ranaiidne-8 -caxboxasade 

30 

N • - {pyridin-4-yl ) -N, N-dimathyl-l ,2,3, 4-tetrahydro-2- 
dibenzof urananri ne-8 -'carboxandde 

N • - ( 6-chlorqpyridin*-3-yl} -M, N-dimethyl-l ,2,3,4- 
35 tetrabydro-2-dibemsofiiranainine-8«-carboxa]idde 
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N* - (pyrrol -2-yl) -N,H-diinetlyl-l, 2, 3 ,4-tetrahydro-2- 
dxb^zo£uraxiaxidne-8-carba3cajDide 

»• - (oxa2ol-4-yl ) -N, N-dimettyl-l, 2 , 3 , 4-tetrahydro-2- 
5 dibenzof uranainine-8 -carboxamide 

N • - I i soxazol -3 --yl ) -N, N-dimethy 1-1,2,3,4 - 1 et rahydro- 2 - 
dibenzofuranasdne-S-^carboxainide 

10 N' - {pyrazol-3-yl>-N,N-dixnethyl-l, 2, 3, 4-tetrahydro-2- 

dibenzofuranamlne-B-carboxaxnide 

K' - (ixnidazol-2-yl) -N,N-dimethyl-l, 2,3, 4-tetrahydro-2- 
di3>enzo£uranainine-8 -carboxamide 

15 

N • - ( triazol-4-yl) -N,N-diJnethyl-l, 2 , 3 , 4-tetrahydro-'2- 
dibenzofuranamine-S-carboxaznide 

N' - (Ryriiiddin-2-yl) -H.N-diioethyl-l, 2,3,4-tetrah(ydro-2- 
20 dibehzofuranainine- B^carboxasdde 

N * - (syrazin-2-yl ) -N^N-dimethyl-l ,2,3, 4-tetralvdro-2- 
dibenzofuranafliine-8-carboxaxQide 

25 N • • {pyridazin-4-yl) -N, N-dimethyl-l ,2,3, 4-tetrahydro-2- 

dibenzofuranamine-S-carboxaiQide 

N* - lquinolin-3-yl } -H,N-dixnethyl-l ,2,3, 4-tetralqrdro-2- 
dlbenzo£uraiia2nine--8-carboxanide 

30 

- (isoquinolin-5-yl) -N,K[-diaethyl-l, 2 ,3,4-tetra-hydro- 
2-dibe9azo£uranaiaine-B-carboxd2nide 

- {benzo£ur-2-yl) -M,N-diiaethyl-l# 2 . 3 , 4-tetrahydro-2- 
3 5 dibenzo£uranaxiii&e-8 -carboxamide 
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N' - (benxofbl thien-6-yl) -N^N-diinethyl-'l,2^3^4- 
tetralvcb:o-2-diben2o£iu:etnairdne-8-c©rboxam 

- (indol-2-yl) -N,N-dlinethyl-l, 2 , 3, 4-tetrahydro-2- 
5 diben2ofuranamine-B-carboxaiidde 

H- {N, N-diioetliyl-l , 2,3, 4- tetrahydro-2-aininodibenzo-f ur- 
8 -y 1 ) xnethanesulfcmoadde 

10 N- (N, N-diTnethyl-1,2,3 , 4-tetralydror2--aodnodibanzo--fur- 

S-yl } ethanesxilfonaxnide 

N- IN, N-dixnethyl-l, 2, 3 , 4-tetrahydro-2-axidnodiben20-f ur- 
8-yl ) benzenesulf onaiaide 

15 

H- (N,N-diinethyl-l,2,3;4-tetrahydro-2-aitdnodiben2o-f^^ 
8-yl) --S-chlorobenzenesulfonaxnide 

N- (N, N-dimetlyl-l ,2,3, 4-tetrahydro-2-aaiinodiben20-£ur- 
20 B-yl}-4-methyIbenzenesul£cma2nide 

M, N-dixnetly 1 -9-hydrcxxy-2 -ainiuocy clohept a [b J b 

N,N<*dimethyl-9-amlno-2-aininocyclohepta [b] benzofuran 
25 bydrochXoride 

N, N«**dietlvl-9 -f luoro-2 -asdnocyclohepta [b ] benzofturan 

N-ethyl-9-chloro-2--aininocyclohepta [blbenzof uran sulfate 

30 

K-snetfayl-M-benzyl«9-brc»o-2-aiiii^ [b] benzo- 

furan 

N,H-diprppyl-9-iodo-2-aminocyclohepta [b] benzo£uran 
35 bydrobrcnnide 
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(N^N*-dixnetlvl-2«-aiiiixiocycloh^ta [b}benzoft2r«9- 
yDacetandde 

N- {N^ N-dixnethyl--2-aininocycloh€pta f bl benzof ur-9- 
5 yDpropanaxnide 

(-) -N- (M,H-dlAuathyl**2-amnocvclob^ta[b]ben2o£ur-d- 
yDhexanasdde phosphate 

10 N- {NrN-diineUvl-2-aaidnocyclohqptaIb]ben2of^ 

yDacrylasdde 

M- (NrN'-dixnethyl-2-aitdnocyclohepta [bjbenzof ur-S- 
yl ) cy clobutaziasdda acetate 

15 

N- (N,K~diinethyl-2-aitdnocycl6hepta lb] benzof ur-9- 
y 1 } cyclohexaziaiQide 

(N#N*-diin0thyl-2-aitdzK>cyclohepta [b] b«nzoCtuc^9- 
20 yl ) benzamide 

(N''m8thyl-N-isopropyl-2-aininocycl6hepta [bl ben-zof ur 
9'-yl)naphth-l-ylamide decanoate 

25 (N, N-diinetlvl-2-»amiaocyclohepta Iblbenzof ur-9- 

yl ) naphth-2-y lesadde 

N-(N«M-diiQetbyl-2-azBinocyclofaeptaIblbexizofiir-9*' 
yl ) pheflylacetamlde 

30 

(N,H-diinethyl-2-aminoq/clQkepta [blbenzof ur-9- 
yl ) thien-2-ylacetaxnide 



N- tN,N-diniethyl-2-aminocyclohepta Iblbenzof ur-9- 
35 yl}pyrrole-2«-ca3:boxaiDide 
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N- (N,N-dix!«thyl-2-ainiiiocyclohepta [b]benzofur-9- 
yl ) oxazole-2 -carboxaxnide acrylate 

N- {N,N-(liii»t±yl--2-ainixiocyclohepta lb] besnzof ur-9-yl) 2- 
5 prqpyloxazole-4'-cazi)Qxainide 

N- (N,N-di!nethyl-2-a]ni2ioGyclobepta {b]beiizo£Tur-9«* 
yl) i80xazole-3-carboxaxaide 

10 N- {N, N-diiii8thyl--2-aininocyclohepta [b]benzof iir-9- 

yl}pyrazoIe-3-caziDOxainide fozxnate 

(2-aadnocyclobepta IbJ benzof ur-9-yl)pyrazole-4- 
carbQxaxldde 

15 

{N»N-dimetlvl**2-aroiDaqycloheptd [b] benzof ur«*9- 
yl>iaidazole-2-carboxasdde naloaate 

N- (N, N-dimethyl-2-aniinocyclohepta Ibjbenzof ur-9- 
20 y 1 ) inddazole-4 -carboxamidd 

N- {N, N-diinethyl-2 -aminopyclohepta lb] benzof ur^9-yl ) - 
1,2, 4-triazole-3--carboxamlde f xinarate 

25 (N, N-diiiietfayl-2-amLnocyclohes>ta [b] brazof ur-9- 

yl } pyriid.dine-2 **cazbQxainide 

N- (N, N-dijaieUiyl-2-ainixiocyclohepta Ib]beiizo£ur-9- 
yl)pyrimidine-4-caritx3xainide butyne-l,4-dioat6 

30 

(N-isoprqe3yl-*N-*ben2yl-2*-ai&iaocyclohepta Ib}benzof ur-9 
yl)pyrazin6-*2-*carboxamide benzoate 

(N|H-di2n0tfayl-2-aiainocycIob^ta [b]benzo£ur-9- 
35 yl ) pyridazine-3 -caa^xamide 
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N- (2-aininocyclohepta lb] banzo£ur-9-yl) pyrida2ine-4- 
carbGxamlde ^.4*chlorobeiizoate 

N- (K-irethyl -N-phenethyl-2-aininocyclohepta lb] benzo-f ur- 
5 9*-yl}qttinolin6*2-carboxainid6 phthalate 

{Ni N<-(iijD8Uiyl-2*-aiidnoqycloh^ta lb] beaizoetir-9 - 
yl) quinollne-4-carboxaiidde p**toluenesulf onate 

10 IN| N-dibutyl-2-aininocycloh^ta [blbenzof ur-9-yl ) 2- 

xnethylguinoline-e-carbcocaniide xtiethanesulfoziate 

N- (N,N-diinetl:yl-2-aminocyclohepta [b)benzo£ur-9- 
yl) isoquinoline-l-carboxamide trif luorontethanesulfoxiate 
15 (N, N--dimethyl-2-azninocyclohepta {b] benzof ur-9- 

yl} i8oqui.noline--3-carboxaitdde trif luoroacetate 

M- (NtN-din)ethyl'"2-aiidnocycloh^ta[bIbenzofur-9^ 
yl}iso(2uinolxne-6-carbQxainide citrate 

20 

N- {Nr N-dimetlyl -2 -aminopyciohepta [b] benzof ur-9 - 
yl}benzo[b]furan-2-carboxaadde xnandelate 

N- {M,N-diTOthyl-2--amin0cyclohepta lb] benzof ur-9-yl) 5- 
25 £luor6benzo[b]£tiran-3-a9a:boxaxnide tartrate 

(•^) -N- (N,N-dibenzyl-2--amnocyclohepta IbJJaeaizof nr-9- 
yl ) hemzo [b] furan-4-carboxaiidde 

30 (N,N--dimBthyl-2-aiainoqyclohepta Ib3benzof 

y 1 } benzo lb] thien-2 -carboxaiaida 

K- (N,N*diiiiBthyl-2-afldnocyclohepta [bj benzof ur-9- 
yl } l)enzo {b] thien*-3 -carboxamide 

35 

(--) *-N-* (M,N-dimetfayl-2-axidnocyclohepta [b]benzof ur*-9- 
yl>benzo(b]thlen-4-carl30xaniide hlppurate 
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N- (N"isoprqRyl-2-aBdnocyclohepta Ib]benzof ur-9-yl) -4- 
inetho:>vindol6-2 -carbopcaadde 

5 N- (M,N«-ditRetlvl-'2-aininocyclQh^ta[b]ben20ftar-*9-* 

yl > ijidoIe-3 -carboxaaide 

(N«N-diinetlvl*^2--amnocyclohepta [b] benzofur**9- 
yl ) indole-7 ^-carboxaxnide 

10 

-iBethyl-N,N-diinethiyl-2-aiidnocyclohepta tblben2ofur-9- 
ylcarboxamide 

N * -etbyl -N, N-dinsthyl -2-aminocyclohepta lb] benzof ur-9 - 
IS ylcarboxamide 

N ' -isopro]^l-N« N-^dixiietbyl-2«-axninocyclohepta Cb] benzo- 
£ur-9-ylcarboxainide 

20 N* -propexiyl-M,N-dijnethyl-2-aininopyclohepta [bjbenzo-fur 

9 -ylcarboxamide 

M * -cycloprppyl-N, N-diaiBthyl -2-aminocyclohepta [b] - 
b'enzofur-9-ylcarboxasiide 

25 

(+) -qyclohe?Qri~H,N-dimetlvl-'2-*aminocyclohepta- 
[b] benzofur-9-ylcarboxaxnide 

N • -phenyl -N, N-dimethy 1-2 -aminoqyclohep ta lb] benzof ur- 9 - 
30 ylcarboxamide 

tt* - (4-f luorophenyl) •-M^N-dimetfayl-'S-aninocycloh^ta- 
tb] benzo£irr<<'9-iylearboxamide 

35 N' - {naphth-l-yl ) -N^N-dimethyl-^Z-aminoQrclohepta Cb] - 

benzo£tu:-9-yXcarboxamide 
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N' - lfur-2-yl J -N,H-diin8tlvl--2-aiidnocycl<AeptaIb] - 
bensEofitir- 9 --ylearboxasaide 

N* - ( thien-3-yl) -N, N-dixri8thyl'-2-aitdnocyclohepta tb] - 
5 beiizofxir-d-ylcarboxamide 

- (pyridin-4-ya) -N,N-dimethyl-2-axnino€yclohepta- 
[b] brazof ur-9*-ylcarboxasiide 

10 N* - (6-chloroRyridxn-3--yl) -N,N-dimethyl-2-andnocycio- 

b^ta [b] benzofiir-9 -^Icarboxamide 

- (Hfrrol'-2--yl) --N,N-diinethyl--2-a2ninocyclohepta [b] - 
benzo£ur-9-ylcarboxaiAide 

15 

M* - Coxaaol-4-yl) -NrN-diinethyl-2-aininocycIoheptafb] - 
b6ci2o£ur 9^1carboxainide 

M*- (isoxazol-3-yl) -N^M--diinethyl-2-aniinocyclohepta- 
20 [b] benzo£ur-9-ylcarboxaxoide 

N ' - (pyra2ol-3 -y 1 ) -N, N-diinetl:iyl-2 -aminocyclohepta-^ 
lb] benzo£ur-9-ylcarboxaxnlde 

25 N* - {iiiddazol-2-yl) -N,N-ditnethyl-2-aiiiinocyclohepta- 

[b] b6nzo£ur-9*-ylcarboxaiidde 

M' - (triazol-4-yl) -N,N-diiiiethyl-2-aiftinocyclohepta- 
(bl benzo£ur- 9 -y Icarboxanide 

30 

N' - (pyrixnidin-2--yl) -N,N-dinietJ?yl-2-amnocyclohe^ 
[b] benzof ur-9-ylcarbaxaxiiid6 

N ' - {Ryra2in*2-yl ) -M,N-diinethyl-2~amioocycl6hppta- 
35 lb] benzo£\ir-^9«*ylcarbOKaxnide 
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- Cpyrida2in-4-yl ) -N, N-dixt»thyl-2-ainino<yclohepta- 
[bl benzof tir-9-ylcarboxainide 

N»- {Quinolin-3-yl) -M,N-diiaetlvl-2-aiBinocyclc*qpta'- 
5 {b]benzofur-9^ylcarboxasdde 

N* - (isoguinolin-5-yl) -N,N-diTOtlvl-2-ainiaocyclohep- 
ta [b] benzo£ur-9«*ylcarboKaitdd6 

10 - {ben2ofur-2-yl) -N,N-dinietlyl-2-axninocyclohepta- 

Ib] benzo£ur-9-ylcarboxaxidde 

N» - (ben2o[b] thien-6-yl) -»,N-diinetlT/l'"2-axninocyclo- 
hepta lb] bezutof ur-*9-ylcarboxa2nide 

15 

N* - (indol-2-yl) -N,Nrdiin8thyl-2-aininocycloheptaIb] - 
b8nzo£ur-9-ylcarboxainide 

N- {N, N--diinethyl-2-aininocyclohepta lb] benzof 
20 yDmethanesxxlfonamide 

H- (H, N-diiaethyl-2-aminocyclohQpta tbl benzof ur-9- 
yl) ethanesulfcmamide 

25 M- <N, N-diaetlvl-2-aadncKycl6hepta [bj benzof ur-9- 

yl ) benzeneaulf osuuDoide 

N- (N/N--diJ08tlyl-2-axnixiocyclohepta [bJbenzof\xr-9-yl) -3- 
chloxobecLzenesul £onasdde 

30 

N- (N«K-diiaet±yl*-2-a]idnocyclchepta[b]bdnzo£ur-9-^ 
stetlylbenzenesulfoaamlde 

The ccsqpounda o£ the present invention where X is 
35 nitro, cyano, C{0)R^, or are prepared by the novel 

method described in Synthetic Scheme I« X* is nitro« cyano, 
C(0)r6, or -S02Nb5r1^i R^* and r2* are independently C1-C4 
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all<yl, benzyl or, together with the nitrogen to which they 
are attached, form a phthalimido group; is hydro>v# Ci-Cg 
alkojcy, benzyloxy^ or pheno>v; is a nitrogen protecting 
groixp; and R^O and m are as previously defined. Nitrogen 
S protecting groups useful for these reactions are, well known 
to the skilled artisan (Greene, Protective. Groups in organic 
Slyntbesis, Second Edition, Wil^ Interscience, New York 
(1991) ) . Preferred protecting groups are benzyl and 4- 
2Retho)(yben**zyl • 

10 




15 An appropriate 4-aininok6tone and faydroxylaznine 

hydrochloride are costbined in an appropriate solvent, 
typically a lower alkanol such as methanol or ethanol. The 
resulting mixture is treated with a suitable base, typically 
pyridine or triethylaxoine, and the reaction mixture heated 

20 to reflux until all of the starting axcdnoketone has reacted. 
The resulting oxime may then be used directly or purified by 
crystallization or chromatograpliy. The resulting cxime and 
substituted fluorobenzene are conbined in an appropriate 
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solvent/ for example tetrahydrofuran, dilnethylforniainide or 
N-metliyl-*pyrrolidinQne. Itxis mixture is then treated with a. 
suitable base, such as sodium or potassium hydride, amd the 
'reaction mixture wazxned in the range of from about 50% to 
5 about 7Q% until the oxime is consumed* The use. of 
potassium hydride in tetrahydrofxiran is preferred. 
Preferably, this step is performed in the presence of a 
crown ether, typically 18-crovm-6- The resulting 0- 
substituted oxime (ID is isolated ly normal extractive 

10 workup and may be purified, if necessary or desired, hy 

crystallization or chromatography. The O-substituted oxime 
is then treatisd with an acid, preferably formic acid, or 
acid mixture, to provide the coiqpounds of Fonmila The 
reaction may be performed from about room temperature to 

15 about the reflux toqperature of the reaction mixture. The 
resulting compound is isolated by normal extractive iM>rkup 
and may be purified by crystallization or chromatograply . 
Compo\mds of Formula I where x» is -SO2Nr9r10 and r9 is a 

nitrogen protecting group are d^rotected under standard 
20 conditions to provide the secondary sulfonamides of the 
present invention « 

The 0-substituted oximes of Formula II are novel and 
comprise a further embodiment of the present invention. 

^e pifoceua described svpra for preparing O-substituted 
25 oximes is novel and is an embodiment of the present 

invention. The process for preparing 0-si2bstituted oximes 
of Formula III: 




30 

n^ere: 
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6^ and are ind^endently C1-C4 alkyl, benzyl « a- 
iBethyl-4-nitrc*>enzyl# or -CH2CH2-Aryl where Aryl is phenyl, 
ptoenyl nonosubstituted with halo, or l-(Ci-C6 aHqrDpyrazol- 

4-yl? 

5^; m is 1 or 2; 

W is 1 to 3 subatituents indei^endently selected from 
aitro, cyanot C{0)r6*, -SO2Nr9*r10, or trifluorcanetbyl? 

r6* is C1-C6 alkyl, C1-C6 alkoxy* benzyloxy, pheno^g^^, 
C3-C8 cycloalkyl, phenyl, naphthyl, phenyl inonosubatitutwl 
10 with halo or C1-C4 alko«y, or a heteropycle; 

r9* is C1-C6 alkyl.or a nitrogen protecting group; and 
rIO is C1-C6 alkyl, phei^l or phenyl nonosubstituted 
with halo or C1-C4 alkylj 

15 conqprlsest 

a) treating an oxime with a suitable base, optionally 
in the presence of a crown ether, to prepare the 
corresponding aniom and 

20 

b) treating the anion with an aryl halide of Formula 

IV5 



hido 




25 IV 

%Aiere halo is fluoro, chloro, brosno or iodo and W is as 
previously defined. 

Nitrogen protecting groups vtsef ul for these reactions 
30 are well known to the skilled artisan (Greene, Protective 
Grovtpa in Organic Synthesis, Second Edition, Wil^ 
Interscience, New York (1991) ) . 
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The oxine and base are combined in a suitable aprotic 
solvent* The oxixne need not be totally soluble in the 
solvents but xnust have sufficient solubility to allow the 
reaction to proceed at an acc^table rate* Suitable 
5 solvents include ethers such as tetrahydrof uran, .dioxane^ 
tetraIvdropyran« and diethyl ether. The preferred reaction 
solvent is tetrahydrofuran • Bases useful for the process 
must be capable of deprotonating the oxisiB and, furthersnore, 
the resulting conjugate acids must not interfere with the 

10 reaction « Suitable bases include sodium hydride and 
potassium hydride, the latter being preferred. 

When a crown ether, preferably 18-crown-6, is added to 
the reaction mixture, it is preferred that from 0*01 to 0.1 
equivalents are est^lc^ed. The deprotonation step may be 

15 performed at a teziperature from about 0% to the reflux 
temperature of the solvent. It is prefesnred that the 
deprotonation step be performed at from about O^C to room 
temperature. It is especially preferred that the 
deprotoxiation stop be performed at about 0^* The 

20 deprotoxxation step is usually ccm5>lete within from about 15 
minutes to about 24 hours, but is typically conaplete within 
15 minutes to 1 hour. It is especially preferred that this 
step be performed in the presence of a crown ether. 

The skilled artisan will appreciate that the oxime may 

25 be added to a solution or suspension of the base in the 
reaction solvent # the base may be added to a solution or 
suspension of the oxime in the reaction solvent, or the 
oxime and base xr^y be added simultaneously to the reaction 
solvent. Any of these variations are contemplated by the 

30 present invention. 

Ihe aryl halide may then be added to the reaction 
mixture containing the oxime anion or« if convenicuit or 
desired, the anion mixture may be added to the aryl halide. 
The resulting mixturid is then reacted at from about room 

35 tesqperature to about the reflux tenperature of the reaction 
solvent until the substrates are consumed. The reaction 
requires from about 15 minutes to about 2 days, but is 
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typically oosiplete within about 1 to 2 hours • The 
substituted oxisie is isolated by norsoal extractive nvorkup 
and inay be purified by chramatcgraphy or crystallization* 
Hhe halogen substituent on the aryl halide (IV) may be 
5 fluoro, chloro, bromo/ or iodo« It is preferred Jthat the 
halogen substituent be fluoro or chloro, and especially 
preferred that it be fluoro. Tbe substituent represents 
from one to three electron-withdrawing substituoits. The 
skilled artisan is well aware of those substituents which 
10 are electron withdrawing. IVpical classes of electron 
withdrawing«*substituents include nitro« cyano, 
alko^carbox^lr arylosq^carboxsyl and trifluoromethyl. 
Preferred electron-^withdrawing substituents include nitro 
and cyano« 

15 When convenient or desired^ all of the reactants nay be 

combined in the same reaction xaixture to provide the subject 
0-substituted oximes. The skilled artisan will appreciatei 
however, that the ability to perform the process in this 
manner is limited by the nature of the electron-withdrawing 

20 sxibstituents on the aryl halide. 

Confounds of Formula I where X is nitro are also useful 
intermediates for the preparation of other compoxmds of the 
invention as illustrated in Synthetic Scheme II. R^*, R^*, 
m, b}, and r'^ are as previously defined. 
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5 Hhe confounds of Fonmila Z where X is nitro are 

l^ydrogenated over a precious metal catalyst ^ preferably 
platiniim on carbon, and bydrogenated at about ainbient 
t^aperature at an initial pressxire of about 40 p.s.i. for 
from about 1 to 24 hours in a suitable solvent, such as a 
10 lower alkanol or tetralydrofuran, to give the corresponding 
andno derivatives of Ponnula V. 0!he conpounds of Formula V 
are novel and are further easibodiinents of the present 
invention* 

Compounds where X is r3c{0)NH- or r's02NH- are prepared 
15 by reacting the aniline with an appropriate carboxylic acid 
or sulfonyl chloride^ brcodde or axihydride, optionally in 
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the presence of an acylation catalyst such as 
dimethyl^wanopyridine, in the presence of a suitable base. 
Suitable i^ses include axnines typically used as acid 
scavengers^ such as pyridine or triethylaiuine, or 
5 commercially available polymer bound bases such as 
polyvinylpyridine . 

* JMternatively, compounds where X is r3c{0)IIH- are 
prospered by reacting with an appropriate carbo^lic acid in 
the presence of typical peptide coupling reagents such as 

10 H,N'-carborvldiiinida2ole (GDI), N.MV-dicycloheaq^lcar- 
bodiixrdde (DCC) and l-O-dimethylaainopropyl) -3-ethyl- 
carbodiixnide hydrochloride (EDC) . A polymer supported form 
of EDC has been described {Tetrahedron Letters, 34(48), 7685 
(1993)) and is very useful for the preparation of the 

15 conpounds of the present invention. The product from these 
reactions is isolated and purified as described above. 

Olbe CQinpounds of Ponmxla V are also useful for the 
preparation of conpounds of the invention where X is 
hydroxy, pyano, and halo as described in Synthetic Scheine 

20 111. R^*, r2*, and m are as previously described. 
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Synthetic Scdieme III 




insOliaBr.lorCN 



5 Hie priznary amine of Fozxoula V is added to a minimal 

amount of a coldi aqueous mineral acid, for example 
lordrochloric acid, tv'drobronac acid, phosphoric acid or 
* sulfuric acid* While it is critical for the amine moieties 
to be completely protonated by the acid, it is not necessaxy 

10 for all of the corresponding salt to dissolve in the acid, 
as long as exu>ugh is soluble at any given time to allow the 
reaction to occur. To this ndxture is then added a solution 
of sodium nitrite. Hie formation of the diasonium salt is 
rapid. To prepare compounds where X* is chloro or broo^, 

15 the diazonium salt mixture is added to a concoitrated 

solution of the corresponding cuprous chloride or brcsnide in 
l^^'drochloric or hydrcbromic acid, respectively « 
Alternatively, the freshly prepared diazonium salt is added 
to a mixture of metallic copper in hydrochloric or 

20 Ixydrobromic acid. Compounds vdiere X"^ is iodo may be 

prepared by adding the diazonium salt directly to a solution 
of sodium or potassium iodide. CoiqE>ounds where X* is 
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hydroxy are prepared Iv adding the diazoaiuxn salt directly 
to a boiling solution of dilute sulfuric acid* The desired 
products from these transformations may be recovered by 
nonnal extractive worlojqp, are may then be purified if 
5 necessary or desired by crystallization or chromatograply 
from a suitable solvent* 

Cocnpounds ^ere X* is cyano may be prepared by first 
treating the diasonium salt mixture with a cold« aqueous 
solution of potassium or sodium carbonate « %a resulting 

10 solution is then treated with cuprous cyanide and the 
desired product isolated as previously described. 

Ccaiqpounds where X* is f luoro are prepared by first 
treating the diazonium salt mixture with fluoroboric acid 
or, preferably, sodium tetrafluoroborate. TMie resulting 

15 fluoroborate salt precipitates from the reaction mixture. 
tbxa salt is then filtered, washed with water and dried/ 
The tetrafluoroborate salts of compoxinds where X* is diazo 
are novel and are an additional exnbodiment of the present 
invention. The dried fluoroborate salt is then heated to 

20 provide the corresponding fluoro substituted compound. 
These fluoroborate salts may also be reacted with 
dimethylsulfoxide and then l^ydrolyzed to provide compounds 
of the invention v;here X is hydroxy « 

The 6-substituted cyclohexancoies required for the 

25 preparation of compounds of the Invention where m is 1 are 
available by xnethods well known in the art as illustrated in 
Synthetic Sdheme IV« 
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Synthetic Scheme IV 




5 VhB 1,4-cyclohexanedione monoketal is reductively 

aminated with an appropriate amine under standard conditions 
to give the corresponding 4^a2ainocyclohexanone ketal« The 
ketal is then deprotected under either aqueous acid 
c<»ditions or, preferably r with formic acid to prepare the 

10 corresponding 4-dininocyclohexanone. 

Coippounds of the invention where rIsR^cH are prepared 
from 4-(l-phthaliinid/l)cyclohexanone which is available by 
methods well known in the art, for exaxqple, King et al. 
tJoumal of Medicinal Ch&dBtzy, 36« 191B 11993}). Briefly, 

15 4-aininocycl6hexanol is reacted first with 

carbethoaqrpbthaliinide and the resxilting 4-(l- 
phthalimic^Dcyclohexanol treated with pyridini\im 
chlorochrotnate to give the desired ketone. Ttie resultant 4- 
{l-phthalimic^l)cyclohexanone is then reacted as described 

20 in Synthetic Scheme z to provide the corresponding 8*- 
substituted-l, 2, 3 , 4-tetrahydro-2- (1- 

phthalimi<^l)dibenzofurans of Formula Z. 14ie phthalimide is 
then removed by reaction with hydrazine at asy conveniaat 
point in the synthetic pathway to psrovide cooapounds of the 
25 invention where R^sR^sH. 

Compounds of the invention vAxexe xnB2 are 2 -amino- 
cyclohe33ta[blbenzofurans. These coxqpounds are preqpared 
substantially as described stzpra. The 4- 

aminoq/cloheptanones required for the ^nathesia of coaspounds 
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of the present invatition where xt^2 may be prepared as 
described in Synthetic Scbene V, r1* and r2* are as 
previously defined* 

5 gvntbet^g SRfrapp Y 




The appropriate 4-aiainocyclohexanoae in an appropriate 

10 solvent, for exainple diethyl ether, is treated with an 

appropriate Lewis acid such as boron trifluoride for about 
20 minutes to about an hour at room toqperature. To this 
solution is th^ added etfayl diazoacetate and the resulting 
mixture is stirred for about 1 hour to about 24 hours at 

X5 room tenaperature* The resulting 2-ethoxycarbonyl-5- 

axtdnocycloheptanone is isolated by diluting the reaction* 
mixture with aqueous sodium carbonate and extracting with a 
water iinmiscible solvent such as diethyl ether* The 
reaction product is then directly dissolved in 

20 dimett^lsulf oxide whibh contains sodltxn chloride and water. 
Uie reaction mixture is heated to about 170^ for from about 
1 to about 24 hours to effect the decarboxylation. The 
desired 4«*aminocyclobeptanone is recovered ly diluting the 
reaction mixture with water and extracting ndth an 

25 appropriate solvent such as diethyl ether. The reaction 
product may be purified by coliunn chromatography^ if 
desired, prior to further reaction. 

After treatment with hydra3?ylamine, the resulting 4- 
amlnocydcdieptBnone oxime is subjected to the same reaction 

30 scheme as described in Sjyntbetic Scheme I. The asyicasketry in 



wo 98X8902 



PCT/D897/1493S 



-33- 

the cycloheptanonej however, leads to the production of the 
following two ison^rs: 




BOMERA eOUERB 

5 

zsost&ers A and B aiay be aeparatBd hy crystallisation or 
chrcanatography at any convenient point in the synthesis of 
the compounds of the invention. 

Coanpounds of the invention viiiere X is brc»no are useful 

10 intermediates for the introduction of a variety of 

substituents into the 8-position of the 1, 2,3,4 -tetra-hydro- 
2-dibenzofurana2Qine nucleus and the corresponding 9-position 
of the 2-aininocyclohepta{b]-benzofuran nucleus* For example, 
the brdmo substituted substrate may be xised to provide 

15 coiqpounds of the invention where X is -C(X)H as described in 
Synthetic Scheme VI, R^** and r2** are C1-C4 alkyl or 

benzyl • 




A solution of the bromo coiqpound in an appropriate solvent, 
sudti as tetrahydrofuran or diethyl ether, is treated with an 
25 al)iyllithium, sutih as £-butyl** or £S£]t*-butylllthium, at a 
tenperature of about -70% for about an hour to effect a 
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balogen-^sietal exchange, 7%ie solution Is then saturated with * 
carbon dioxide to prepare the corresponding carbo^lic acid. 

Compounds of the invention where is -NHr8 are 
prepared by reacting the corresponding carbo3<ylic acids with 
5 a cosQpotmd of formula R8-NH2 xinder the amide coupling 
conditions previously described. Ccxnpounds of Formula 1 
where X is -C40}pH are novel and are also embodiments of the 
present invention* 

"She skilled artisan will appreciate that the caxtooxyiic 

10 acids and carboxasiciides may also be pr^ared from the 
corresponding ooxnpo\mds of Formula I where X is cyano. 
CarbOQTlic acids are pr^ared by heating the cyano conqpound 
in an aqueous acid. Carboxamides are prepared by heating 
the cyano cospound in a suitable solvents for example 

15 chloroform or xylene^ in the presence of polyphosphoric 
acid. 

Coapounds of the invention where X is R^CIO)- and r1 
and r2 are ind^endently hydrogen are available by 
subjecting the corresponding S-dibensylamino coiKpounds to 
20 catalytic hydrogenation conditions over a precious metal 

catalyst, such as palladium on carbon, or over Ran^ nickel, 
qjhese reactions are typically performed in a lower alkanol 
or tetralydrofuran at room textperature to about 60^C, for 
from about 1 hour to 24 hours, at a hydrogen pressure of 
25 about 60 p.s^i, 

Cozopoimds where either or both of R^ or R^ are hydrogen 
way be further functionalized to pr^re other cosqpounds of 
the ittvention by reductive alley lat ion. Under these 
ccmditions the primary or secondary amine is reacted with an 
30 appropriate aldehyde or ketone to prepare the corresponding 
inline or enamine. The imine or enamine is then reduced to 
the desired coopound by catalytic hydrogenation or by 
reduction with an appropriate hydride reducing reagent in 
the presence of an acid. 
35 Preferably, the transformation is performed by direct 

alkylation. 'She starting primary or secondaxy amine and a 
base are combined in the reaction solvent followed by the 
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addltlon o£ the alkylating agent. The reaction solvent may 
be any non-reactive solvent typically used for alJcylations 
of this type such as acetonitrile, diro thy 1 f ormami de or 
jnetfayl-2-pyrrolidxncme# limited by the solubility of the 
5 substrates. Itae.base srost be sufficiently basic j:o 

neutralise the acid generated during the progress of the 
reaction but not so basic as to deprotonate othBt sites in 
the substrate giving rise to other products. Additionally, 
the base must not compete to any great extent with the 

10 substrate for the alkylating agent. Bases typically used for 
these reactions are sodium carbonate or potassium carbonate. 
The reaction mixture is typically stirr^ at room 
temperature to B0<^, for about 8 hours to 3 days. Vhe 
allq^lated products are isolated by concentration of the 

15 reaction mixture under reduced pressure followed by 

partitioning of the resultant residue between v^ter and a 
suitable organic solvent sudi as ethyl acetate, diethyl 
ether, dichloromethane, ethylene chloride, chloroform or 
carbon tetrachloride « ihe isolated product may be purified 

20 by chromatography^ crystallization from a suitable solvents 
salt formation or a conibination of these techniques. 

The specific all^lating agent exrployed is determined by 
its comn^rcial availab^^lity or a convenient . synthesis frexn 
commercially available starting materials. The preferred 

25 alkylating agents for synthesis of coxqpounds of this 

invention are selected from appropriate clilorides, bromides, 
iodides, or methanesulf onates . Alkylating agents iribere the 
leaving group is chloro are prepared frcm the corresponding 
alcohol by standard methods, preferably by treating the 

30 alcohol with neat thioaoyl chloride at ambient temperature. 
Alkylating agents vAiere the leaving group is 
methanesxilfonylosv are prepared Toy treating a solution of an 
appropriate alcohol in a siiitable azdbydrous solvit sudh as 
tetrahydrofuran, diethyl etbter, p-dioxane or acetonitrile, 

35 whic^ contains a base. The base must be suffici^tly basic 
to neutralize the acid generated dxiring the progress of the 
reaction but not so basic as to d^rotonate other sites in 



-36- 

th8 sxibstrate giving rise to other products. Additionally, 
the base aiust not congpete to any great extent with the 
substrate for the sulfonating reagent and nrust have 
sufficient solubility in the reaction solvent. Bases 
5 typically used in these reactions are tertiary amines such 
as pyridine, triethylemine or N-methylxtiorpholine. To the 
reaction mixture is then added the sulfonating reagent with 
cooling. The sulfonating reagent may be a xnethanesulfonyl 
hallde, such as the dhloride, or methanesulfonic anhydride* 

10 TftiB reaction xnlxture is allowed to react from 1 hour to 24 
hours at ambient temperature. Ihe product is isolated by 
concentrating the reaction mixture under reduced pressure 
followed by partitioning the residue between water and an 
apprc^riate organic solvent such as dichlorocnethane, 

15 ethylene chloride, chloroform or carbon tetrachloride. The 
isolated product is used directly in the alkylation st^. 

The conqpoxmds of the present invention possess a chiral 
center^ and as such exist as raccmdc mixtures or individual 
enantiomers* As stated above, racemates and the individtial 

20 enantiosners are all part of the present invention. Vkte 
individual enantiomers may be resolved by fractional 
crystallization of salts of the racemic bases and 
enantiomerically pure acids, for example, ditoluoyltartaric 
acid. Alternatively, the individual enantiomers may be 

25 prepared by the use of a chiral atixiliary during the 

preparation of the compound as described in the following 
synthetic Scheme VXI. 
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5 l«4-cycI6h6xanedione Btono-(2|2-diinethylprQpane-l«3'- 

dioDketal is reductively aminated under standard conditions 
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with an eaontiojner of a--inetlyl-(4-nitrQphenyl)-etlylainine 
(Sy&thetic Scheme VII illustrates the mse of the R-(+)- 
enantimer) • The ketal is recnoved as described previously 
and the resulting aminocyclohexanone is subjected to the 
5 reaction conditions described for Synthetic Scheme I to give 
a diastereosieric mixture. The diastereoxners are then 
separated by chroznatograpby or fractional crystallization, 
The andne may then be treated, if desiredr with an 
appropriate allq^^lating agent, for exanple an appropriate 

10 allQrl halide« to prepare the corresponding quaternary salt 
prior to cleavage of the .a-3EQetfayl->(4-nitroi^enyl} ethyl 
moiety* ThB skilled artisan will appreciate that while 
Synthetic Scheme IX illustrates the use of a cyclohexanone 
to prepare coaapounds of Formula I where m=l, the synthetic 

15 methodology is also applicable for the preparation of those 
compounds of Formula I where m^2« 

Cleavage of the ar?tethyi-{4-nitrqph®ryl)ethyl moiety 
is achieved Isy reduction of the 4-nitro group followed by 
acid catalysed solvolysis of the resulting a-^methyl- (4- 

20 aminopharq/^Detbyl xooiety. Reduction of the nitro group can 
be accomplished by a wide range of reducing agents 
including, for example, titanitam tetrachloride, lithi\im 
aluminum lydride, or zinc/acetic acid, or by catalytic 
hydrogenation, Solvolytic cleavage takes place when the 

25 monohydrochloride (or other xranobasic salt) of the reduction 
pTOduct is treated with water or an alcohol at room 
temperature or, in some instances, at elevated temperatures. 
A partictdarly convenient condition for removing the a- 
methyl-(4^nit3rophexyl)ethyl moiety is hydrogenation of the 

30 amine monol^drochloride in methanol over a platinum 
catalyst . 

•The skilled artisan will also appreciate that the order 
in which the steps are performed to prepare the compounds of 
the present invention are not ixqportant in many cases, nhe 
35 following Preparations and Examples will sezve to illustrate 
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some of the variations possible within the synthetic 
pathways described. 

Preparation I 
5 4-Diiiiethylaininocycl6hexanone 

diollketal 

To a solution of 25*0 gm (0.55 Ktol) of dimethylamine in 
500 siL Hiethanol were added 50*0 gm (0.25 Hoi) of 1,4- 

10 cyclohexanedione mono-2«2-dimathylpropane-1^3-diol ketal and 
the reaction mixture was allowed to stir for 2 hours at room 
teaperature • To this solution were then gradually added 
31.69 gm (0.50 Mbl) of sodium cyanoborbhydride. Once this 
addition was complete^ acetic acid was added to adjust the 

15 mixture to a pR of about 6. The pH was monitored 

periodically and acetic acid additions continued to maintain 
the pH at about 6. When the addition of acetic acid no 
longer resulted in gas evolution, the reaction mixture was 
allowed to stir at room tenperature for 18 hours. Tbe 

20 reaction mixture was then concentrated under reduced 
preastire to a volume of about 100 mL and wlb then 
partitioned between IK sodium iydroxide and dichlorcmethane. 
The remaining aqueous phase was treated with saturated 
aqueous sodium chloride. and was again extracted with 

25 dichloromethane. These organic phases were combined, • dried 
over sodium sulfate and concentrated under reduced pressure 
to give 40*15 gm (70%) of the desired conpound as a yellow 
oil. 

MS{m/e): 228(»fl> 

30 Removal of kqtel 

h solution of 18 .4 gm (81 aMbl) of 4i^dimet}ivlamino- 
c^clohexancme (2,2-dimethylprppane-l,3*diol)ketal in 250 slL 
of 90% formic acid was heated at refliix for 3 hoiurs. Hie 
reaction mixture wl& then stirred at room temperature for 3 

35 days* The reaction mixture was then diluted with 250 sOi 
water and was concentrated to a volume of about 250 mL on a 
rotary evaporator. The dilution/cMtcentra-tion sequence was 
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then repeated two zoore times. The residue itfas then further 
concentrated to a voltime of about 50 inL, made basic with 5 N 
soditan hydroxide and extracted with dichlorcMue thane. The 
organic phases were combined, dried over sodium sulfate and 
5 concentrated tinder reduced pressure to give 11.8 jgm (100%) 
of the desired conqpound as a yellow oil. 
MSCm/e) : 141 (H^) 

^aMR(CDCl3) : 6 2.50 im, 2E) , 2.26 Im, 2H) , 2.28 Im, 6H) , 
2«01 Im, 2H), 1.80 <m, 2H) . 

10 

Preparation II 
4- (l-PhthaliinidyDcycloheptanone 
To a stirred solution of 5.00 gin (20,6 irtMol) of 4-(l- 
phthalimidyDcyclohexanone in 30 mL of diethyl ether were 

15 added 3.79 niL (30.8 ntMol) of boron trifluoride ethereate. 
After stirring £or 20 minutes at rocm tetqperatura, 3.24 sdU 
(30.8 inMcl) etliyl diazoacetate were added drc^wise. The 
resultant solution was stirred for 16 hours at room 
temperature. The reaction sdxture was diluted with 

20 saturated aqueoxis sodium carbonate and was then extracted 
with diethyl ether. The coinbined organic extracts were 
dried over sodium sulfate and concentrated under reduced 
pressure. The residue was dissolved in 15 ml* of dimethyl- 
sulfoxide* To this solution were added 1.3 nlL of water and 

25 1.5 gm of sodiinn chloride. The resulting mixtiare was heated 
at 170% for 7 hours. The reaction mixture %9as then cooledi 
poured Into 150 xAj of water and extracted with diethyl 
ether. Itie combined organic phases were washed sequentially 
with water and saturated aqueous sodium chloride, dried over 

30 sodium sulfate and ccmcentrated under reduced pressure. The 
residue was subjected to silica gel chromatography, eluting 
with (6:4) hexane/ethyl acetate. Fractions shown to contain 
product were coxhbined and concentrated under reduced 
pressure to give 4.17 gm (79%) of the title compound. 

35 MSCm/e): 257 (M^) 



womaaa 



PCMIS97/14938 



-41- 

Preparation III 
A-DimetlrylandnocyclohexauQone oxizne 
A mixture of 1.78 gm (10 afltol) of 4-diiMthylaBdtto- 
pyclohexanond hydrochloride and 0.70 gm (10 nfHtol) of 
S tydroaeylasiiae lydrochloride in 25 itfL ethanol was treated 
with 3 idL pyridine and then heated at reflux for 30 minutes. 
The reaction mixture was then cooled to rooood teniperature and 
stored at 4% for IB hours, Hie resulting crystalline solid 
was collected and washed with cold ethanol. "Che solid was 

10 then dissolved in water and the aqueous solution inade basic 
by the addition of potassium carbonate. The aqueous phase 
was then extracted with dichloromethane which contained a 
sxnall amount of isopropanol. Vtie organic extracts were 
C06DBbined« dried over sodium sulfate and concentrated under 

15 reduced pressure to provide a crystalline solid. This solid 
was recrystallised from ethanol to provide 1.05 gm (67%) of 
the desired oxime. 
m.p.c: 96-70C 
MS(m/e) : 156 {M*-) 

20 Calculated for C8H16N2O: Theory: C, 61 .SI; H, 10.32; N, 

17»93. Found: C, 61.23; H, 10.44; 17.81. 

EXAMPLE 1 

M » M-Dimethyl -8-amino-l ,2,3, 4'-t etrafaydro-2 -dibenzof uranamine 
25 dii^rdrochloride hemihydrate 

f4>-FluQrmitrMJMirvl) >-4->riimftthvTami oxiitte 
To a suspension of 1.50 gm (13.1 nMol) of potassium 
hydride (35% in mineral oil) in 80 xdL of tetrahydrofuran was 

30 added 2.00 gm (12.8 nMol) of 4-dimethylaminocyclo-hexane 

oxime in poztions with cooling. After stirring the reaction 
mixture for atout 20 minutes, a solution of 2«00 gm (14.2 
xrfltol} of 4-fluoronitrcdMn2ene in tetra-hydrofuran was added 
followed by 50 mg of 18-cztawn-6 ether* After stirring for 2 

35 hours the reaction mixture was quenched by pouring into cold 
water* The resulting mixture was extracted with 
dichloromethane. Iftie conibined oxrganic extracts were washed 
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with cold aqueottd sodium hjrdroxide (0.1 M) followed lay 
saturated aqueous sodium chloride. The remaining organic 
solution was dried over sodium sulfate and ccmcentrated 
uoider reduced pressure to provide 4.52 gm of crude product. 
5 A portion (3.52 gm) of this material was subjected to 

silica gel chromatograpliy eluting with 5% n^thanol 
(containing about 5% axnnonium hydroxide) in chlorofom. 
Fractions containing product were coxnbined and concen^-trated 
umter reduced pressure to provide 2 . 64 gm of the desired 
10 compound. 

m.p.« 74-5<^C 
MS(m/e) : 277 

Calculated for C14H19N3O3: Hheoxy: C, 60.63; H, 6.91; N, 
15.15. Pound: C, 60-88; H, 6.99; K, 15.31. 

15 

Kr.K>^Dimethvl»^B-nitrQ-l > 2 . 3 . 4-tet:rahvdro-2-dibenzof uranamine 

A solution of 2.50 gm {9.03 mMol) of 0-(4-fluoro- 
nitr<9heDyl}-4-dimethylaminoqyclohexanone oxime in 25 mL of 
96% formic acid was heated slowly to reflux imder a nitrogsn 

20 atmosphere. After 90 minutes the reaction mixtxire was 
cooled to room tejrperature and most of the formic acid 
r6aK>ved under reduced pressure. The residue was dissolved 
in water and the aqueous phase made basic by addition of 2N 
sodium hydroxide. The aotueous mixture was then extracted 

25 with dichloromethane containing a small amount of 

isQprqpanol. Ibe conibined extracts were combined and 
concentrated under reduced pressure to provide 1.2 gm of a 
crystalline solid, ^is solid was subjected to silica gel 
chromatograpkQr, eluting with a gradient of chloroform 

30 containing frcon 2-5% methanol (containing about 5% ammonium 
hydroxide) . Fractions containing product were combined and 
concentrated under reduced pressure. The solid residue was 
recrystallized from bexane to provide 0.91 gm (39%) of the 
desired compound. 

35 m.p.» 88-89% 

MS(m/e): 260 (MT^) 
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Calculated for C14H16H2O32 Kieory: C, 64.60r H, 6.20$ Nr 
10.76. Found: C, 64.41; 6.36? 10.47. 

Reduction of nitro orouD 
5 A solution of 0.38 gm {1.46 itiMol) of N,N-dixnethyl-8- 

nitro-1.2j3,4--tetralydro-2-dibenzofuranandne in 150 xrtL of 
ettaanol was hydrogenated over 200 mg of 5% platinum on 
carbon at 40 p.s.i. for 2 hotirs at room temperature. The 
catalyst was removed by filtration and the filtrate 

10 concentrated under reduced pressure. !rhe residue iras 
subjected to radial chromatography (silica gel, 2 mn), 
eluting with 10% methanol {containing about 5% awmonium 
hydroxide) in chloroform. Fractions containing product were 
combined and concentrated under reduced presstire to provide 

15 265 mg of N;N-dimethyl-8-amino-l,2,3#4-tetralydro'-2- 

dibCTLzofuranamine as a viscous oil. Ihe oil \ms dissolved 

in diethyl ether and this solution treated with hydrogen 

chloride. TSie precipitated salt was filtered and dried to 

provide 337 mg (74%) of the title compound. 

20 MStm/e): 230 (H^) 

Calculated for Ci4HibN20»2HC1: Otoeory: 55.45? H, 6.65; 

N, 9.24. Pound: C, 55.12; H, 6.58; 9.00. 

EXAMPLE 2 

25 N- (N, N--Dimetlvl--1 .2,3, 4-tetrahydro-2-aminodibenzof ur --8- 

yl )methane8ulf oiQiamide 
A mixture of 9.0 mg {0.029 sSlol) of N,N-dimethyl-e- 
amino*^! ,2,3, 4-tetrabydro-2-dibenzof uranamine dil^ydro- 
chloride hemil^drate and 29.0 mg (0.115 sMol) polyvinyl- 

30 piperidine in 1.0 siL dichloron^thane was heated to SQ^'C for 
45 minutes. To this homogeneous mixture were added 
1 (0.036 flOEMol) of methanesulfonyl chloride, ^e reaction - 
mixture was agitated for 2 days at axabient teagperature. To 
this mixture were then added 58.0 mg (0.058 nMbl} 

35 ami nnmethy lated polystyrene and the reaction agitated for an 
additional 18 hours. l!be reaction mixture was then filtered 
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and the volatiles evaporated to provide 5.7 nig <64%} of the 
title compound. 
HS{si/e): 309(M-fl) 



5 EXAMPLE 3 

N- {N^H-Diaethyl-l, 2 , 3 , 4-tetrahydro-2-aittinodibenzof ur-8-yl) - 
4 - £ luorobenzenesul f onamide 
Beginning with 9*0 mg <0,029 aMol) of N^N-dixnethyl-B- 
amino-l , 2 , 3 « 4-tetrahydro-2-dibenzofiirazia2nlne dihydro- 
10 . chloride hemiiydrate and 7.0 tBig (0.036 sMol) of 4<-fluoro<- 
benz^iesulfonyl chloride« 5.61 mg (50%) of the title 
compoiuntd were recovered by the procedure described in 
Example 2. 
XS(m/e} : 389(M-t*l) 

15 

EXAMPLE 4 

M- (Nr N-Dimethyl-l, 2 . 3 , 4«tetrahydro-2-amiaodibenzof ur-8- 

yDacetamide 

Beginning with 9.0 »g (0.029 nMol) of N,N-dimethyl-8- 
20 axnino-l«2#3,4-tetraIiydro*-2^dib6nzofur&nainine dihydro- 
chloride hemihydrate and 2.8 zng (0.036 acMol} of acetyl 
chloride, 6.05 xog (77%) of the title compound were recovered 
by the procedure described in fixainple 2. 
MS{m/e} : 273 (M+1) 

25 

EXAMPLE 5 

{»,N-Diinethyl-1, 2 , 3 , 4-tetrahydro-2-axninodibenzof ur-8- 

yl) cyclopropanasdde 
Beginning with 9.0 mg (0.029 jnnMOl) of N«ll-*diinetl:vl-8- 
30 aiidno-l,2,3,4-tetrahydrO''2-dibenzofuranaxnine dilydro- 
chloride hemihydrate and 4.3 mg (0.036 nMol) of 
c^cloprppanecarbonyl chloride, the title coxqpoxmd was 
recovered by the procedure described in Example 2 . 
MS(m/e) : 299(Mi-l} 
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EXAMPLE 6 

N- (NtN-Dimethyl-l, 2, 3 , 4-tetrahydro~2-amnodiben20fur-8-- 

yl } cyclol^tanaxnide 
Begixming with 9.0 ma (0.029 nWdl) of N,N-dixnethyl-8- 
amino-1 1 2,2, 4-tetrahydro-2-dibenzof uraxiamine dilwdro- 
dtiloride hemihydrate and 4.3 mg (0.036 xriMdl) of cyclo** 
butanecarbonyl chloride, 6.7 ng (74%) of the title coqpound 
were recovered by the procedure described in Bxaxnple 2. 
MS<m/e): 313{M4-1) 



EPWMPLE 7 

(N, N-Dimethyl-1 , 2 , 3 r 4-tetrahydro-2-aniinodiben20f 

yDbenzamide 

Beginning with 9.0 wg (0.029 rtMblJ of W,N-diinethyl-8- 
15 amino-l « 2 1 3 1 4-tetralvdro-2-dibenzof uranamine dihydro- 

chloride hemihydrate and 5.06 mg (0.036 vBSol) of benzoyl 
chloride, 7.02 Hig (52%) of the title compound were recovered 
fay the procedure described in Example 2. 
KS{m/e): 334 (M^l) 

20 

EXAMPLE 8 ' 

N- {N,H--Dimethyl-1,2, 3 , 4-tetrahydro-2-aminodib©nizofxir-8-yl) - 

2-chlorobenzaxQide 
Beginning with 9.0 xng (0.029 nMbl) of NfN-diaietlvl-B- 
25 axnino-l«2,3,4-tetrahydro-2-dibenzofuranaznine dihydro*- 

chloride li^ndJbydrate and 5.8 log (0.036 mMbl) of 2-chloro- 
benzoyl dhloride, 6.6 mg (64%) of the title compound were 
recovered by the procedure described in Example 2. 
«S(3n/e): 355(M-hl) 

30 

EXAMPLE 9 

K- (N,N-Diaethyl-1, 2 , 3 , 4-tetrahydro-2-aiftinodibenzofur-8-yl) - 

2 , 4-dif luorobenzaxnide 
Beginning with 9.0 mg (0.029 msol) NrN^-dinetfayl-S- 
35 a]&ino-l,2,3,4*-tetrafaydro«2«-dibenz6furanasiine dilvdro-* 
chloride hemihydrate and 6.3 vsg (0.036 mMol) of 2,4- 
difluorcd^enzoyl chloride, 6.91 mg (64%) of the title 
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conpcyimd were recovered by the procedure described in 
Bxaznple 2, 
MS(in/e}: 37im-«'l) 

5 EXAKPLB 10 

{N,»-DiiBetJTyl-l,2r3,4-tetrahydro-2-aininodiben^ - 
2-trifluoroBietfayl-4^£luorobenzaniide 
Beginning with 9.0 mg (0.029 sdMbl) of N/N-dixBethyl-*8*- 
axnino-l #2,3, 4- tetrahydro*-2-diben2o£uranaxnine dihydro- 
10 <^oride h&nibydrate and 8.1 aig (0.036 sHol) of 2-*tri'- 

fluorQmethyl*-4-fluoroben2oyI chloride^ 10.5 mg (86%) of the 
title conpoiand were recovered by the procedure described in 
Exas^le 2. 
KSim/e) : 421(M«^1> 

15 

EXAMPLE 11 

{N, N-Dimethyl-l ,2,3, 4-tetrahydro-2 -aaiinodibenzof ur-8-yl ) - 
2«thiophenecarboxaxnide 
Beginning with 9.0 stg (0.029 sriMol) of N,N-dimetfayl-8~ 
20 ainino-l, 2 , 3 1 4-tetrahydro-2-dibenzof uranamine dihydror 
chloride heooihvrdrate and 5.3 xng (0.036 niMol] of 2-thio- 
phenecarbonyl chloride, 8.0 zog (81%) of the title CQsipo\and 
were recovered by the procedure described in Bxenple 2. 
MS(m/e) : 341 (M-M) 

25 

General procedure for the emmlinc of carboxvlic acids with 
^-^^.mtitar.lr - ^ - ^ - 4-tetrahvdrQ>2 -dibenzof uranamine 

A suspraision of 1 equivalent of N,N-dixiiethyl-B-axnino«- 
1,2,3, 4-tetrahydro^2-dibensof uranaxnine dilvdrochloride 

30 hewdhydrate and 4-5 equivalents of polyvixylpiperidine in 1 
tOL chloroform is heated at 60^C for 45 minutes. To this 
mixture are then added 4-5 equivalents of polyiner bound 1- 
etfayl-3-(3-*disiethylasAino--propyl)carbodii2nide (Desai, ec ai., 
Tetrahedron Letters, 34(48), 7685 (1993)) and 2-3 

35 equivalents of the carboa^lic acid. The reaction is 
agitated at 70^C until the reaction is ccnqplete. An 
isocyanate resin mdsy be added to remove tmreacted starting 
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material if required. The resins are rarooved by filtration 
and the product is isolated by evaporation of solvent. This 
procedure is illustrated by Exaiqples 12-16. 



5 EXAMPLE 12 

(Nr N-Disnettvl<*l ^2,3, 4-* t6traivdro*-2 -asdnodibenzof ur-8 -*yl ) - 
3 - thiophenecarboxamide 
Beginning %dth 9.0 (0.029 xsltSOl) of N,N-dini6tbyl-8- 
amino-l# 2 1 3 # 4-tetrahydro*-2-dibenzof uranamine dihydro- 
10 chloride hemihydrate and 7.4 lag (0.058 xnMol) of 3-thio- 
pbenecarboxylic acid, 1.3 nig (13%) of the title coxnpound 
were recovered. 
MS(XR/e} : 341(H*fl) 

15 BXaKFLB 13 

N- (N,N-DiiMthyl-l,2, 3, 4-tetrahydro--2-andnodiben20fur-8-yl) - 

2- furaxnide 

Beginning with 9.0 nig {0.029 nMol) of N,N-dimethyl-8- 
aznino-l r 2 , 3 r 4 -tetrahydro-2 -dibenzof uranamine dihydro- 
20 chloride hemihydrate and 6.5 xng (0,058 rtMol) of 2-furoic 
acid, 0«8 mg (8.5%) of the title compound were produced. 
KS(in/e) : 325 (H^l) 

EXAtSPLS 14 

25 N- (NtN-Dixnetlyl-1,2, 3,4«tetrahydrc-2-aiBinodibenzofur-8-yl) - 

3- ftu:axaide 

Beginning with 9.0 rug (0.029 soMol) N,N-diTOtl:yl-8- 
amino-l, 2,3, 4-tetrahydro~2-dibenzof uranaxnine dihydro- 
chlorlde hexnlhydrate and 6.5 xog (0*058 niMol) of 3-furoic 
30 acid, 0»9 i&g (9.6%) of the title compound were produced. 
MS(xa/e}: 325(M-fl) 



EXftHPLB 15 

M- tH,N-l>iTOtbyl-l,a,3,4-tetrahydro-2-aminodiben20fT^^ - 
35 S-chloro-2-furaiiiide 

Beginning with 9.0 mg (0.029 xdtol) of N»N-dixQetliyl-*e- 
amino-1, 2,3, 4-tetrahydro-2-diben2of uranamine dihydro- 
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chloride hoiihydrate and 8«5 sng {0.058 aABol) of 5-chloro-2*- 
£uroic acidt 0.8 mg (7«7%} of the title cosopound nmre 
produced. 

KS(in/e): 359(M4*1) 

5 

EXAECPLE 16 

(N/N-Dimetlyl-l ^ 2 , 3 , 4-tetrahydro-2-aiidnodiben20f Tir-8-yl) - 

2-xrtetlvl-3-furfiaidde 
Beginning with 9.0 mg (0.029 xnttol) o£ Mr,N-dizRetlvl--8- 
10 axoino-1 , 2,3, 4-tetrahydro-2-diben»of uranaanine dibydro- 

chloride hemihydrate and 7.3 (0.058 nfltol) of 2-inethyl-3- 
furoic acid, 1.5 xng (15%) of the title compound were 
produced. 

ISSdu/e): 339(M'i^l] 

15 

EXAMPLE 17 

N- (N, M-Dimetlyl-l #2,3, 4-tetrfi*ydro--2-axninodiben20f ur-8-yl ) - 

4-f luorobenzamide 
TO a solution of 0.132 gm (0.57 itHol) o£ K^N-diiwtliyl- 

20 8-amno-l,2«3,4-tetrabydro-2-dibenzofuranamne in 5 nil» of 
tetrahydrofuran were added 1.5 mL of triethylaxnine followed 
by 0.10 mli (0.13 gm, 0.85 mol] of 4-f luorobenzoyl chloride- 
The resulting ztiixture was stirred at room tesnperature for 90 
minutes at which time the reaction mixture was diluted with 

25 0.1 N aqueous sodium Ivdroxide. This agueous solution was 
extracted with dic^oromethane and the organic phases were 
washed sequentially with water and saturated aqueous sodium 
chloride. The dichloromethane solution was dried over 
sodium sulfate and concentrated under reduced pressure. 

30 This residue was dissolved in dilute aqueous tartaric acid 
and then washed with dichloromethane. The aqueous phase 
made basic with aqueous sodium carbonate and was then 
extracted with dichloron^thane. These dichloro-methane 
extracts were conibined and concentrated under reduced 

35 presstire. The residue was subjected to radial 

chromatograpby (silica gel, 2 mm), eluting with 5% methanol 
(containing 5% asnmonium hydroxide) in chloro-^form. 
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Fractions containing product %^ra coznbined and concentrated 
under reduced pressure • The residue was crystallized from 
toluene/hexane to provide 0*130. gm (64%) of the title 
coinpound in two crops* 
5 m*p.« 167-8^ 

HS(Bl/e): 352 (M^) 

Calculated for C21H21N2OF: Theory: C, 71*57| H, 6.01; M, 
7.95* Found: 71*84; 6.11; N, 7.95. 

10 EXAMPLE 18 

(N, N-Dimethyl-1, 2 , 3 , 4-tetrahydro-2-aminodibea2ofur"8-yl) - 
pyridine-4 -carboxacdde 

Beginning with 0.132 gm (0.57 nWbl) of N,N-dimethyl-8- 
15 axnino-l,2,3,4-tetraliydro--2*-dih6nzof\xranamine and 0.15 gm 

(0.84 nftiol) of isonicotinoyl chloride, 0.081 gm (42%) of the 

title compound were obtained hy the procedure described in 

Bxasple 20. 

in.p*« 146-70C 
20 MS(jn/e): 335 

Calc\ilated for C20H20N3O2: Theory: 71*62; H, 6*31; N, 

12.53. Found: C, 71.77? H, 6.48; N, 12.36. 

BSKXPLB 19 

25 (2R)- and (2S)- N-( (R)-(^•)-«-{4-Nitrophenyl)etlyl)-8-nitro- 
l , 2 ^ 3 # 4- tetrahydro-2**dibenzof uranainine 
Reductive Alkvlation 

To a solution of 20*0 gm (101 nMol) l,4--cyclohexane- 
dione (2,2-*dimethyl}propane-l,3-daol monoketal in 250 mL of 

30 methanol were added 35*0 gm (173 xiMoDof R-(-f)-a-(4- 

nitrophenyDethylamine hydrochloride, 25*0 gm (398 asMol) of 
sodium cyanoborotlv^ide and 10 itiLi of acetic acid. The 
reaction mixture %mB stirred for 18 hours at room 
temperature* To the reaction mixture was then added an 

35 additional charge of 25.0 gm (398 nMol) of sodium <vanobort>- 
hydride and the reaction mixture was stirred for an 
additional 18 hours at room tesoperature. The reaction 
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mixture was th&n treated with dilute aqueous tartaric acid 
and the solution exhaustively extracted with 
dichloromethane. The remaining aqueous phase was made basic 
with aqueous sodium hydroxide and extracted with 
5 dichloroinethane. These dichloromethane extracts .were 

combined^ dried over sodium sulfate and concentrated under 
araduced pressure to give 33.7 gm (96%) of (R)-{+J-a-(4- 
nitrqphexvl ) ethyl } -4-aminocyclohexanone 2 , 2-dimethylpropane-' 
1,2-dioI ketal as a brownish yellow oil. 
10 MS(»/e)s 348 (»^} 



A solution of 33.42 gm {95.9 nMol) of ( (R) -{+)^--{4- 
nitrqphenyl ) ethyl ) -4-aminocyclohexanone 2, 2 -dimetlylp^^opane- 

15 1^2-diol ketal in 250 nciL of 98% formic acid was heated to 
40% for 66 hours. Vkie reaction mixture %fa8 concentrated 
xmder reduced pressure to a volume of about 50 mL and was 
then basified with aqueous potassium carbonate* Itiis 
mixture was extracted with dichloro-methane and the organic 

20 extract was then dried over sodium sulfate and concentrated 
under reduced pressure to give 22.36 gm (89%) N- ( (Rl - l+|-a'- 
(4*-nitrophenyl}echyl)-4-aminocyclohexanone as a brown oil. 

25 A mixture of 5.24 gm {20 mol) of N-( (R}-{•«-)H3e-(4- 

nit.xophmvl>etlxyl)-*4'-aminoGyclohe>canone and 1.40 gm (20 
nMol) of hydroaq^lamine iQ^drocbloride in 40 mL of ethanol was 
heated to reflux on a steam bath for 30 minutes, the 
reaction roixtuxe was cooled for 18 hours at 4% after «diich 

30 < (R) - 1+) -a-(4-nitrophenyl) ethyl) -4-aminocyclo--hexanone 

oxime hydrochloride was isolated by filtration. When dried 
under reduced pressure^ 3.95 gm (63%) of the desired oxime 
hydrochloride was recovered. 
m.p,c 238-9*^ (dec.) 

35 MS{m/e}: 277 (»r<-) 

Calculated for Ci4Hi9ll303«BCl: Theory: C» 53.59; E, 6.42; 

13.39. Found: C, 53.63; 6.58; 13.07. 
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Ia]DCc«l.b, methanol): +61^ 

N- { (R) - {+J-a-(4-nitropherxyl)ethyl) -4-aininocyclohexanone 
5 oxime was prepared by partitioning 3.80 gxn (12.1 utMol) of 
the corresponding hydrochloride salt between dilute aQueous 
sodium bicarbonate and dic^loromethane* After the pfacuses 
were separated the organic phase was dried over sodium 
sulfate and then concentrated under reduced pressure to 

10 provide the desired free base as a viscous oil. 

The free base was dissolved in 100 xnL of tetrahydro- 
furan and to this solution were added 3.00 gxn (21.3 ztiMol) of 
4-'fluoronitroben2:erte and 0.30 gxn of 18-crown-6 ether. The 
resulting solution was maintained at about 0% as 1.30 gm 

15 (11.4 oMol) of potassium hydride (35% in mineral oil) were 
added dropwise over 20 xoinutes* Ihe reaction mixture was 
stirred for 2 hours and was then quenched by the addition of 
cold water followed by extraction with dichloroxoethane. The 
organic phases were cosnbinedi washed with saturated aqueous 

20 sodium chloride, dried over sodium sulfate and concentrated 
under reduced pressure to provide a crystalline residue* 
The residue was subjected to silica gel chromatography « 
eluting with a gradient system of chloroform and 0-2% 
methanol (containing 5% ammonitsm hydroxide) . Fractions 

25 containing psroduct were condbined and concentrated under 
reduceid pressure to provide 4.30 gm (95%) of the desired 
coapound as yellow czystals. This material was 
recxystallized from toluene/hexane to provide 3.68 gm (85%) 
N-( (R)-a-(4*-nitrppheDyl) ethyl) -^4«aminocyclohexanone 4~ 

30 nitrqphexQTl -oxime. 
m.p.e 

MS(m/e): 396 (M^) 

Calculated for C20H22M4O5: ^Rieozy: C, 60.29; 5.57? N, 

Found: C, 60.33; 5.66; 13.95. 
35 [a}D<c»l»0, methanol): -1*64^ 
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A solution of 3.75 gm {9.41 xnMol) N-{(R)-^-t4- 
ni trophexjyl ) ethyl ) --4 -"atidnocyclohexanane 4 -hitropheny 1 -oxiine 
in 40 irtL of forxnic acid was stirred at reflxix for 2 hoizrs. 
5 The reaction ndxture was cooled to room teinperatxire and was 
tben poured into cold water. Oihe solution was carefully 
made basic to pH<-10 fay the gradiial additi<m of. about 400 stL 
of cold 2N sodium hy^^^roxide followed fay aqueous sodium 
carbonate. VhB aqueotis mixture was then extracted with 

10 dichlorcmetfaLane, The extract was wished with aqueous sodium 
carbonatei dried over sodium sulfate and concentrated under 
reduced pressure. The residue was subjected to silica gel 
chrc^natography, eltiting with ethyl acetate. 
First elutincr f (R^^^U^nitrophemrl)ethvl ) -6-nitro- 

15 1.2,3. 4-tetrgihv^o-2-diben2Qf uranamins diastereoiner 

The faster eluting diastereomer was recovered as 0.82 gm 
(23%). of a cxystalline solid after recrystallization frtxn 
toluene/hexane • 
m«p.» 170-loc 

20 MS(m/e): 381 (MT**) 

Calculated for C20Hl9N3O5J Theory: C, 62.99; H, 5,02; N, 

11.02. Found: C, 62.99; H, 5.03; 10.78. 

Last eltiting IJ- f fR)wi^f A-nitroohenvl) ethyl) -8-nitro-l. 2 . 3. 4- 

25 The slower eluting diastereomer was recovered as 0 .88 gm 

(25%) of a crystalline solid after recrystallization from 

toluene/hexane , 

m.p.a 164.5-166^0 

HS(m/e} : 381 (MT^) 
30 Calculated for .C20H19N3O55 Theory: C, 62.99j H, 5.02; 

11.02. Found: C, 63.27; H, 5.22i Kf, 11.21. 
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EXAMPLE 20 

{+) -N, N-Diiaetlvl-8- (ifiit-butowcarbdnyl ) andno-l^ 2,3,4- 
tetral:vdro-2-dibenzofurandsiiiie 

5 TO a solution of 0.85 gin (2«13 sMol) of the jslower 

eluting diastercaner of N- 1 <RJ-^-^4-nitrpphen!yl)ethyl»-•8- 
nitro-l,2,3,4-tetrahydro-2-dlben^oftu^aIUua^ in 10 xiOi 
acettmitrile urere added 2.0 siL of iodom^thane followed isy 
1.0 gm of potassitim carbonate. %e mixture was stirred for 

10 18 hours at 60^ and then an additional 1.0 xnL iodomethane 
was added and heating continued for another 18 hours. The 
reaction mixttore was then cooled to room temperature and 
concentrated \inder reduced pressure. The residua was heated 
briefly in 30 ml methanol and, after cooling, was collected 

15 on a filter. The methanol washings were combined and 

concentrated under reduced pressxxre. Washing the residue 
with water afforded a small amount of additional product. 
The solids were coittbined, washed with cold water and dried 
to provide 1.00 gm (88%) of {+>-N,N-dimethyl-N- ( (R)-a-{4- 

20 nitrophenyl) ethyl} -8-nitro~l ,2,3, 4-tetrahydro-2- 
dibenzofuranammonium iodide. 

Calculated for C22H24W3O5I: Theory: C, 49.17; H, 4*50; N, 
7.82? I, 23.62. Found: C, 48.89; H, 4.44; N, 7.65; I, 
23.38. 

25 

Hvdroaenolvaia/hvdrogenatiQn 

h mixture of 0.95 gm (1.71 xbHoI) of (^)--N,N-dimettvl-N- 
{ (R) - (+)-a-(4-nitrophenyl) ethyl) -8-nitro-l, 2 , 3, 4-tetralydro- 
2-dibenzofuranamrmnium iodide and 0.25 gm of 5% platinum on 

30 carlKm in 250 mL methanol were hydrogenated at room 

temperature for 6 hours at an initial hydrogen pressure of 
40 p.s.i. VbB reaction mixture was then filtered and warmed 
to effect methanolysis. The reaction mixture was 
concentrated under reduced pressure without heat and the 

35 residue triturated with diethyls ether to give about 0.800 gm 
of (4* } -N, N-dimetl^l * B--amino-l #2,3, 4 tetrafaydro«-2 - 
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ddbenzofiuranaxnine hydroiodide as a finely divided, granular 
solid. 

5 HhB amine hydroiodide was partitioned between 

dichloromethane and IN sodixim hydroxide. The organic phase 
was washed with saturated agueoixs sodium chloride, dried 
over sodium sulfate, and then concentrated under reduced 
pressure to a volume of about 50 nKL. To this solution was 

10 then added. 0.5 gm of di-£^:L*-'butyl dicarboxsate and the 

resulting mixture ms allowed to stand for 18 hours at rocmt 
tecnperature. At this time an additional 0.2 gm of di-J^gcL^ 
butyl dicarbonate were added and the reaction continued for 
another 18 hotirs. rrtie reaction mixture was then stirred 

15 with aqueous sodium carbonate for 2 days. Ohe organic phase 
was separated, dried over sodiiam sulfate and concentrated 
under reduced press\ire. The residue was subjected to silica 
gel chromatography, eluting %rith 5% methanol {containing 5% 
axmnonium hydroxide) in chloroform. Fractions containing 

20 product were conibined and concentrated under reduced 

pressure to provide 0.224 gm .(40%}' of the title compound. 
MS(m/e) : 330 (K^) 

Calculated for Ci9H26N203: TSieory: C, 69.07i H, 7^93; N, 
8. 48* Pound: C, 69.34j H, 7.86; N, 8.29. 
25 Ia]D{c=l*0, methanol): +62© 

EXAMFUS 21 

(+ ) -N- («[, M-Dimethyl-1, 2 , 3 , 4-tetralvdro-2-aminodibenzof ur-S- 
yl) -4-f luorobenzamide 

30 A mixture of 0.090 gm (0-273 nMol) of {+) -N,N-dimethyl- 

8- <Jtsrt-butowcarbonyl) amino-1, 2 , 3 , 4-tetrahydro-2- 
dibenzofuranaraine and 1 mL of trifluoro- acetic acid was 
stirred at room tenperature for 20 minutes. The excess 
trif luoroacetic acid was then removed under reduced 

35 pressure. Ibe residue was dissolved in 5 se^ of 

tetrahydrofuran and to this soluticm were added 1.5 mL of 
triethylamine followed by 0.05 mL (0.42 xriiol) of 4- 
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fluorobenzoyl chloride. A£ter stirring for 1 hour the 
volatiles were removed under reduced pressure. The residue 
was taken up in 5 ntL of dichloromethdne and stirred with 
dilute aqueous sodium carbonate. After stirring for 16 
5 hours the dichloromethane layer was separated and the 
aqueous layer extracted with fresh dichloroonathane. The 
dichloromethane extracts were coanbinedr dried over sodium 
sulfate and concentrated tmder reduced pressture. The 
residue was subjected to silica gel chromatography, eluting 

10 with 5% methanol (containing 5% ammonium Inydraxide) in 

chloroform. Fractions containing product were combined and 
concentrated under reduced pressure. The resulting residue 
was crystallised from toluene/hexane to provide 0.058 gm 
(60%) of the title coooound as a crystalline solid in two 

15 crops • 

m.p.= 137 -S^C 

Calculated for C21H21N2O2F: Theory: 71.57? H, 6.01; N, 

7.95; F, 5.39. Found: C, 71.36; K, 5.86; N, ,7.72; F, 5.25. 
la] D ( ctsl • 0 , methanol ) : «i-66^ 

20 

EXAMPLE 22 

) -N- (Nr N-Dimethyl-1 ,2,3, 4-tetrahydro-2-aminodibensof ur-8- 
yl ) pyridine*4 -carboxamide 
Beginning with 0.100 gm (0.30 ndtol) of (-fl-K/M- 
25 dimethyl- 8-^ < tert- butoxvcarbonvl ) amino-1 ^2^3 , 4-tetraIiydro«-2- 
dibenzofuranaxnine and 0.100 gm {0.56 sfitol} of isonicotincyl 
chloride hydrochloride, 0.036 gm (36%) of the title cons>ound 
were recovered in two crops from toluene/h^cane by the 
procedure described in Bxaxqple 24. 
30 m.p.s 146-7QC 

Calculated for C20H21M3O2: ^eory: Ct 71.62; H, 6.31; Nf, 

12.53. Found: C, 71.37; H, 6.28; 12.51. 
[alDtCsl.O, methanol}: +70. 7^ 
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EXAMPLE 23 

K^N-Dixnethyl-e-cyano-l ,2,3, 4--tetrahydro-2-diben2of uranamine 
Q> f A-evanQPhQTivl > >-4-dimethv>lc%rclQhQxanone oxime 

Beginning with 3^0 gm (19.2 nMol) i-dixnethylaxninocy- 
5 clohexanona oxiaie iand 2*77 gm (22.9 JoMol) 4-fluorobenza- 
nitrile, 3.51 gm (71%) of the desired oxime ether were 
recovered as a dark brown solid by the procedure described 
in Example 1. 

10 cyclAgfttion 

Beginning with 11.69 sAdol of the oxime ether and 
100 xqL formic acid, 1.03 gm (37%) of the title coiqpound were 
recovered as a tan solid by the procedure described in 
Exaxrple 1, 
15 KS(m/e): 240 (M*^) 

EXAMPLE 24 

N,N-Dimetbyl-B-carboxamido-l,2, 3, 4-tetralvdro-2- 
dibenzofuranamine 

•20 A mixture of 0.20 gm (O.SS iriMol) N,N-dimethyl-8-cyano- 

l,2,3,4-tetrahydro-2-diben2ofuranamine, 15 gm polyphosphoric * 
acid and sufficient chloroform to facilitate mixing were 
vigorously stirred together as the reaction was gradually 
raised to 90^. T!he reaction was maintained at this 

25 temperature for about 4 hours and was then treated with ice 
chips. Once fluid, the reaction mixture was poured into a 
cold solution of 5N agueous sodium hydroxide. l!he resulting 
mixture was extracted with 3 x 350 mL of chloroform. The 
chloroform extracts were combined, dried over potassium 

30 carbonate and concentrated under reduced pressure to provide 
0,144 gm (67%) of the title conpound. 
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E2CAMPLE 25 

H- (N, N-Dimethyl-l ,2,3, 4-tefcrahydro-2--aminodibenzof ur-S- 
yl)Eyridine-N-oxide-4--ca3*oxainide hydrochloride 
A solution of 0.117 gm <0.51 rxStol) N,N-dixRetlvl**B- 
5 aadno-l #2,3, 4-tet3:ahydro-2-dibenzof uranaadne . in - a xnL 
tetrahydro£uran was added to a xnixture of O.li? gxa (0.61 
afHbl ) 1 - ( 3 -disnektQrlasdnopropyl ) -3 -ethy Icarbodiixtdde 
hydrochloride, 0.082 gm (0.61 xrtMol) l-hydroxybenzotria-'Zdle 
hydrate, and 0.085 gm (0.61 nfitol) pyridine-N-oxide 4- 

10 carboxylic acid in 20 2AL dixnethylforxQandde. After stirring 
for 18 hours at room tentperature the reaction mixture was 
diluted with aqueous potassium carbonate and stirred for an 
additional hour at room temperatxire . This mixture was 
extracted well with chloroform. Ihe organic extracts were 

15 cosiibined and concentrated under reduced pressxnre. The 

residue was subjected twice to radial chromatography (2 mm, 
silica gel), eluting with 5% methanol in diehlorawBthane 
containing 0.5 9 ammonium hydroxide. Fractions containing 
product were combined and concentrated under reduced 

20 pressure. The residue was dissolved in chloroform and to 
this solution was added ethanolic hydrogm chloride to 
provide 0«107 gm (50%) of the title compound. 
MS(m/e): 351 (SI^) 

Calculated for C20H21N3O3-HCI: Otoeory: C, 61.93; H, 5.72; 
25 29, 10.83. Found: C, 61.80; H, 5«75; N, 10.57. 

EXAMPLE 26 

Alternate Preparation of N-{NrN-Dimethyl-l,2r3,4-tetrahydro 
2-aminodibenzofur-8-yl] fiiran-S-carlMxamide hydrochloride 
30 Beginning with 0*105 gm {0.35 mMol) of N,N-dimethyl-8- 

amim>-l,2,3,4-tetrahydco-2-diben2ofuranamine dihydro- 
chloride hemihydrate and 0.069 gm (0.53 nAfiol} furo-3-yl 
chloride,: 0«OB8 gm (70%) of the title ooanpound were 
- recovered as an off-white solid hy the procedure of Example 
35 17. 

MS(m/e)s 324 (U^) 
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Calculated for C19H20K2O3-HCI-0. 67 H2O: TSieory: d 61.21; 
5.99i N, 7.51. Found: C, 60.77| H, 5.61i N, 7.31, 

EXAMPLE 27 

5 N-dimethyl-S-hydroxy-l, 2 , 3 , 4-tetrahydro-2-diberxzof uran- 

amine 

A solution of 0.332 gm (1.44 xoMtol) N,N-dimetl^l-fi- 
axnino-l,2^3,4-tetratvdro-2-dibeazof\iranfiminG in 5 xntL 
concentrated hydrochloric acid and 5 siL water was cooled to 

10 -10%« To this solution vms added a solution of 0.109 gm 
(1.58 nMol) sodium nitrite in 10 znL water drbpwiae. The 
resulting solution was stirred for 1 hour and was then added 
to 10 mL concentrated sulfuric acid. TAxis mixture was 
stirred at reflux for 4 hours. The reaction mixture was 

15 poured over ice and the solution made basic lev the addition 
of aqueous potassium carbonate. The solution was then 
extracted well with dblorofozm containing 10% isopropanol. 
The organic extracts were combined, dried over potassiisn 
carbonate and concentrated under reduced pressure, ^e 

20 residue was subjected to radial chr<xmatograplrir* (silica gel, 
■ 2 mm) . Fractions containing product were combined and 
concentrated under reduced pressure to provide 0.121 gm 
(36%) of the title compoimd as an off-vrihite foam. 
MS(m/e): 231 

25 Calculated for C14B17IIO2: Theory: 72.70; H, 7,41? 
6«06. Found: C, 72.85; 7.27; 5.96. 

EXAMPLE 2B 

8-nitrp-l, 2 , 3 , 4-tetrah!/dro-2--diben20f uraiiaaiine 
30 Beginning with 4-(pbthalimid-l-yl>cyclohexanone, 8*- 

nitro-2-(phthalimid'-l-yl}dibenzofuranamine was prepared by 
the procedure described in Exanqple 1. A mixture of 5.50 gm 
(15.2 aMol) 8-nitro-2-(phthalimid-l-yl)dibenzo-furanamine, 
100 vSL hydrazine hydrate^ 150 sO* ethanol and 50 mL water was 
35 stirred at rocmi temperature for 18 hours, olie reaction 
mixture was concentrated under reduced pressure. The 
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residue was treated with potassium carbonate and then 
extracted with chloroform. The organic phases were combined • 
and concentrated under reduced pressure. The residue was 
subjected to silica gel chromatograpthy. Fractions 
5 containing product were cosnbined and concentrated under 
reduced pressure to provide 0.59 gm (92%) of the title 
CQspound as a yellow oil. 

EXAMPLE 29 

10 8-ainino-l, 2^3 , 4-tetrahydro-2-diettylaiiiinodiben2of uran 

dihydrochloride 
A mixture of 0.88 gm (3.79 xtSSoX) a-nitro-l«2,3«4- 
tetrahydro-2-dibe&zofuranaxnine« 0.89 gm (5.68 nfHol) 
iodoethane and 1.58 gm (11.4 itMol) potassium carbonate in 50 

15 ml< acetone was heated at reflux for 3 hours. The reaction 
mixture was oonceoitrated under reduced pressure and the 
residue dissolved in water. This mixture was extracted well 
with chloroform. The organic phases were combined* dried 
over potassium carbonate and concentrated under reduced. 

20 pressure. Ifkxe residue was subjected to radial 

chromatography (silica gel, 2 mm) . Fractions containing 
product were cosnbined and concentrated under reduced 
pressure to provide 0.49 gm (45%) 8**nitro-l« 2,3,4- 
tetralydro-2-diethyiaxidnodib^ as a yellow oil. 

25 A mixture of 0.48 gm (1.66 txSSol) 8-nitro«*l,2,3,4- 

tetrahydro«*2-diet!iylaminodibenzofuran and 0.20 gm 5% 
platinum on c€urbon in 250 soL ethanol was hydrogenated at 40 
p.s.i. at room teaqperature for 18 hours. The reaction 
mixture was filtered and the filtrate concentrated under 

30 reduced pressure. iSxe residue was dissolved in dichloro- 
sethaner dried over potassium carbonate and concentrated 
under reduced pressure. This residue was again dissolved in 
di^hloromethane and the solution treated with hydrogen 
chloride. The precipitate which formed was isolated and 

35 dried to provide 0.49 gm (89%) of the title caqpoxmd as a 
colorless solid. 



vctnsmn4m 



-60- 
EXAMPLE 30 

B-aadno-l, 2, 3 , 4-tetrahy(5ro-2--diproivlaridnodiben20f uran 

hydrochloride 
Begiiming with 0*88 gm (3.79 nMol) 8-nitro-l, 2,3,4- 
5 t6tral:Qrdro-^2-dib6n2o£uranamne and I'^iodoprppane^. 0.49 gm 
(42%) of the title ccnrpound was recovered as an of£*>^vhite 
solid by the pjrocedure of Bxanple 29. 

EXAMPLE, 31 

10 M- (N, N-Dietlvl-1 •2,3, 4-t8trahydro-2-aininodxbenzof ur-8-yl) -4- 

f luorobetizaxnide hydrochloride 
Beginning with 0.100 gm (0.30 xitMoI) 8-amino-l,24 3,4- 
tetrahydro-2-diethylaminodiben2o£uran and 0.052 gm {0.33 
mMol) 4-fluoro]:>enzpyl chloride, 0.088 gm (70%) of the title 
15 conpound were recovered as an off-white solid by the 
procedure described in Bkaniple 17. 
MS(m/e) : 3B0{H^r 

Calculated for C23H25N2Q2F-HCI : liaeory: C, 66.26} H, 6.29; 
N, 6.72. Founds 66.14; 6.40; M, 6.79. 

20 

EXAMPLE 32 

K- (N, N-Diethy 1-1 , 2 , 3 # 4-tetrahydro-2-aminodibenzof ur-8- 
yljisonicotinamide dihydrochloride 
Beginning with 0.100 gm (0.30 aMol) 8-amino-l,2,3,4- 
25 tetralvdro-2-diet][vlaiRinodib»zofuran and 0.059 gm (0.33 
siMol) Iscmiootinqyl chloride hydrodiloride^ 0.068 gm (52%) 
of the title conpound were recovered as a yellow solid by 
the procedure described in Example 17. 
MS(m/e) : 363 (K*-) 
30 Calculated for C22H25N3O2-2HCI: Itoeory: C, 60.25; H, 6.24 

9.63. Found: C, 60.69; R« 6.06; M« 9.59. 

EXAMPLE 33 

(N, N-Diethyl-1 , 2,3, 4-tetrahydro-2-aminodibenzof ur-8-yl ) -3 
35 furamide Ivdrochloride 

Beginning with ^.100 gm (0.30 tdtol) 8-amino-l,2,3.4- 
tetraI:qrdro-2-diethylaminodibenzofuran and 0.052 gm (0.40 
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TtMol) furan-3-carboByl chloride. 0.081 gm {69%) of the title 
canpotrnd were recovered as an off-white solid by the 
procedure described in Sxangple 17. 
MSdii/e) : 352 <K+) 
5 Calculated for C21H24N203-HC1: theory: C, 64.8$; H/ 6.48; 

N, 7.20. Found: Cs 64.73; 6.22; 7.29. 



BZAHPLE 34 

{N, N-Dlpropyl-1 ,2,3,4 -tetraly«ii'o-2 -aininodiben2of ur-8-yl ) - 
10 4-fluorobenzandde t^rdrochloride 

Beginning with 0.072 gm (0.20 «Mol) 8-amino-l, 2,3,4- 
tetrahydro-2--dipropylaaiinodib«cizofuran and 0.032 gm (0.20 
xrtMol) 4-fluorobenz<vl chloride, 0*078 gm (87%) of the title: 
comipound were recovered aa an of f-m^ite solid the 
15 procedure described in Bxaiqple 17. 
M5(m/e): 408nr^) 

Calculated for C25H29M2O2P-HCI: Iheoty; C, 67.48; H, 6.80; 
M, 6.30. Found: C, 67.26; H, 6.68; JS, 6.05. 

20 BXAUPLB 35 

|N,N-Dipropyl-l, 2 , 3, 4-tetrahydro--2-aminodiben^ofur•-8- 
yl ) isonicotinamide dihydrochloride 
Beginning with 0.072 gm (0.20 sfiiDl) B*-aminO'-l»2,3,4- 
tetraliydro--2-diprpcylaminodibenzofuran and 0.054 gm (0.30 
25 aMol) isonicotinoyl chloride hydrochloride, 0.075 gm (81%) 
of the title caqpound were recovered as a yellow solid by 
the procedure described in Example 17. 
HS(m/e): 391{Br^) 



30 EXl^MPLE 36 

N- {MtM^Dipropyl-1,2,3, 4-tetrahydro-2-aminodibenzofur-8-yl) - 

3*-furamide laydrochloride 
Beginning with 0.072 gm (0.20 nHdl) 8-amino-'l,2,3,4- 
tetrahydro-2-dipropylaminodibenzo£uran and 0.026 gm (0.20 
35 nMol) furan-3-*carbc»vl chloride, 0.064 gm (84%) of the title 
compound were recovered as a white foam by the procedure 
described in Example 17. 
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MSCm/e): 380{»r^> 

Calculated for C23H28N2O3-HCI: iBieory: C, 66,26; H, 7.01; 
N, 6.72. Poundl: C, 66.08; H, 6*97; N, 6.76. 

5 EXAMPLS 37 

N,K-Diinethyl-8-etho3VcarbonyX-'l ,2,3, 4-tetrahydro-2- 

dibenzofuranamne 
(4-ethQxvcarbonvlphenvl) -4~diinefchvlcvglQhexanone oxime 
Begi^ming with 0.45 gm (2.8S xnHol) 4-dinieti^laniino- 
10 cyclohexanone oxime and 0,53 gm (3.17 tMol) ethyl 4*- 

fluorcd^enaoate, 0.72 gm (82%) o£ the desired oxixne ether 
were recovered as a tan solid by the procedure described in 
£xaiBple 1« 
KS(m/e): 304{BS^} 

15 

Beginning with 0.70 gm (2.30 znMbl) of the oxime ether 
and 50 iid:i formic acid, 0.48 gm (73%) of the title cons>ound 
were recovered as a %diite crystalline solid by the procedure 
20 described in Example . 1. 

BXAMPI.E 38 

» , N-Dimetlvl -8 -ca24)o>v-l ,2/3.4 -tet rahy dro-2 - 
dibenzofuranamine 
25 A mixture of 0.21 gm (0.73 nMbl) N,N«^dimet]:^l-8-^ 

ethoxycarbQnyl-l,2«3,4-"tetrafaydro**2-*dibenzofura»aicdne and 25 
mm 2M sodium li^r^iscoxide in 25 xhl tetrabydrof uran was stirred 
at 35'C for 18 hours. iSie reaction mixture was cooled to 
room temperature and washed with dlchloromethane. rrhe 
30 aqueous phase was adjusted to pH-'7, saturated with sodium 

chloride, and then extracted well with chloroform containing 
' 10% isoprc^anol. Organic extracts were combined and 
ccnceboitrated under reduced pressure to provide a white solid • 
tribdch was taken tOE^ in hydrochloric acid. The colorless 
35 crystalline precipitate ndaich formed was filtered and dried 
to provide 0.098 ggm (55%) of the title compound. 
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MS(xa/e}: 259 (H^) 

EXAMPLE 39 

(pirridin-3-yl) -'2-diinethylaiiiino-l, 2, 3 , 4-tetrahydrodiben- 
5 zofuran-S^-carboxamide 

Beginning with 0.17 gn (0.57 rtMol) M^N-dirothyl-B- 
carba){y-l,2,3,4-tetraivdro-2-diben2ofuranaxidne and 0.06 gm 
(0.63 nMoD 3-aiQincpyridin6« 0.083 gm (44%) o£ the title 
con^ofund were recovered ae an o££-^ite foam by the 
10 procedure described in Example 25. 
MS(m/e) : 336(29+1) 

Calculated for C20H21N3Q2: Theory; 71.62; H, 6,31s N, 
12.53. Found: C, 71.88; H, 6.41; N. 12.79. 

15 General procedure for the coupling of amines with 2- 
flinmr.^l m? -2,3. 4-tetrahvdrQdibengof uran-e-carbonvl 

A mixture of 8-carboxy-2-dimethylamino-l, 2,3,4 - 
tetrahydrodibenzofuran and thionyl chloride is stirred at 

20 room temperature until homogeneous. TOie reaction mixture is 
concentrated under reduced pressure to provide the 
corresponding acid chloride. One equivalent of acid 
chloride, 2 equivalents of the appropriate amine, and 3 
equivalents of piperidincmiethylpolystyrene in chloroform are 

25 stirred at rocmi temperature for 18 hours. An isocyanate 
resin is added to remove unreacted amine and the mixture is 
stirred at room temperature for 4 hours. Vhe resins are 
rotioved hy filtration and the product is isolated 
evaporation of solvent. 73iis procedure is illustrated fay 

30 Examples 40-44. 



EXAMPLE 40 

- N** (methyl) -*2 -diimethyiamino-1 ,2,3; 4-^tetrahydrodibenzofur-axi- 

€-carboKamide 

35 Beginning with 0.011 gm (0.04 mMbl) 2-dimetfaylamino- 

1,2,3, 4-tetrahydrodibenzofuran-8-carbotvl chloride and 0.08 
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xnHol netlylainine, 0.0023 gm (20%) of the title cooopound were 

recovered. 

MS(in/e): 273(M«fl} 

5 EXAMPLE 41 

N- letlyl) -2-diinethiylaiiiino-l ,2,3, 4*tetrahydrodibenzof 

carboxandde 

Beginning with O.Oll gm (0.04 bMoI) 2-dixnetl:vlasiino*^ 
l»2«3,4-tetrabydrodibenzo£nran-8*-carbQxiyl chloride and 0.08 
10 nfMol ethylaxnine< 0.0037 gm (33%) of the title coxnpoxind were 
recovered. 
NS(ia/e}: 2B7{Mfl) 

EXANPLB 42 

15 N- ( cyclopropyl ) -2-di3iiethylamino-l , 2,3, 4-tetrahydrodiben- 

zo£uran-8-carboxaxnide 
Beginning with 0.011 gm (0.04 iriMbl) 2-dimetlvlBittino- 
l,2,3i4«^tetrahydrodibenzofuran-8-carbonyl chloride and 0.08 
nHol cyclppropylamine, 0.004 gm (32%) of the title ccxqpound 
20 were recovered. 

KS(m/e) : 299(M<fl) 

EXAMPLE 43 

N- (4-f luorophenyl) -2-diiTOtlQrlamino-l, 2,3, 4-tetrahydro-- 
2 5 dibenzofvuran-8 -carboxainide 

Beginning with 0«011 gm CO. 04 sittol) 2~dimethylamino- 
1,2,3,4-tetrahydrodibenzofuran-B-carbonyl chloride and 0.08 
ODiMol 4-£luoroaniline» 0.001 gm (7%) of the title ccxopovnd 
were recovered. 
30 MS(m/e): 353(M<i-l) 

EXAMPLE 44 

(pyridin-4-yl) -2-dimathylamino-l, 2 , 3, 4-tetrahydrodiben- 
*zo£uran-8*'carboxamide 
35 Beginning with 0*011 gm (-0.04 21H0I} 2-dimethylamino- 

l«2,39 4«-tetrahydarodibenzo£uren-8-carboiQrl chloride and 0.06 
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itffol 4-aininopyridine, 0.0052 gm (37%) of the title canpound 
were recovered. 
MS(xn/e): 33.6<M4-1) 

EXMOPLB 45 

I 

2-*diin6thylaiaino->8- (N^N-dinetbyl ) axninosulf onyl-1 « 2 , 3 , 4- 
tetralvdrodibaizofuran hydrochloride 

Beginning with 0.104 gxn (0*67 nfMol) 4'-dijnethylamno- 
cyclohexanone cxiine and 0*124 gm (0.61 nlMol) N,N-diroeth-yl- 
4-fluorqpheiQrlsulfonandde, .0.135 gm (65%) of the desired 
oxime ether were recovered as a czystalline solid by the 
proceduxre described in Exaxnple 1« 

CVelizatien 

Beginning with 0«135 gm (0.40 xoMol) of the oxime ether 
and 10 mL formic acid, 0«088 gm (Sl%) of the title cocDipotind 
ware recovered as a white solid hsf the procedure described 
in Exanple 1. 
MS(m/B) : 322 (M+) 

Calculated - for C16H22N2O3S-HCI: Theory: C, 53.55; H, 6.46; 
7.81. Found: C, 53.48; H, 6,54; S, 7.61. 

25 EKAKPLB 46 

2-dimethylamino-B- (N-methyl ) aminosulf onyl-1 r 2 , 3 , 4- 
tetrahydrodibenzofuran hydrochloride 
O- (4^ IN^-mefchyl-M- rA-mefchoxvhPnzvH >am3noflii3 fonvlohenvl) -4- 

30 Beginning with 0.313 gm 12.0 n^l) 4-dimetiQrlamino- 

cyclohexanone oxiine and 0.681 gm (2.2 sAiol) M-inethyl-M-(4- 
methoxy) benzyl -4-£luorQpheQylsulfonamide, 0.781 gm (90%) of 
the desired oicime ether were recovered as a pale yellow 
czystalline solid by the procedure described in Exaaqple 1. 
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Beginning with 0,750 gm (1.74 irtMol) of the oxime ether 
and 20 ittL formic acid, 0.135 gm (25%) of the title cons>oxmd 
were recovered as an o£f-white solid by the procedure 
5 described in Example 1« 
KS.{an/e) : 308 {M^) 

Calculated for C15H20N2O3S-HCI: Theory: Ct 58.42; H« 6.54; 
9.08. Found: C, 58.57; B, 6.64? 8.93. 



10 EXAMPLE 47 

2 -dineti^laitiino*- B- CN- ( 4 -f luorophenyl ) ) andnosulf pny 1-1 , 2 « 3 « 4- 

tetrahydrodibenzofuran 

sulfonvlphenvl 3 ■>4-dimethvlcvclohexanQne oxime 
15 Beginning with 0.78 gm (5.0 nOtol) 4-dimethylaxidno- 

cyclohexanone oxixne and 2.14 gm (5.5 nfttol) M*- (4-fluoro)- 
phe^/l-N- (4*-xRethC9q/}benssyl*-4-f luorophenylsulfoxiandde* 1 • 13 
gm (43%) of the desired oxime ether were recovered as an 
off-white solid the procedure described in Sxastfple 1. 
20 MS(m/e}: 525 (M-«-} 

CYc3.jliZfttiQa 

Beginning with 1.13 gm (2.15 xi^l) of the oxime ether 
and 20 mL formic acid« 0.610 gm (73%) of the title coiqpound 
25 were recovered as an off -^white solid by the procedure 
described in Example 1. 
MS(m/e}: 388 (Sr<*} 

Calculated for C20B21NO3SS Dieory: 61.84; H, 5.45; N, 
7.21. Found: C, 62.01; H, 5.50; 7.09. 

30 

To demonstrate the use of the compomds of this 
invention in the treatn^t of migraine , their ability to 
bind to the 5-HTip reces)tor subtype was determined. "She 
ability of the conpounds of this invention to bind to the 5- 
35 HTxp receptor subtype was measured essentially as described 
in M. Adham, sfc al., Proceodinga of the NAtioxxal Acadeay of 
Sciences (V3A). 90, 408-412 (1993). 
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Membrane Preparation! Membranes were prepared from 
transf acted Ltk- cells which were grown to 100% confluenqy. 
The cells ymre washed twice with phosphate-buffered saline, 
scraped from the culture dishes into 5 sdL of ice-cold 
5 phosphate-buffered saline, and centrifuged at 200 x g for 5 
minutes at Ihe pellet was resuspended in 2«5 ]iiL of 

ice-cold Tris buffer (20 xrtH Tris HCl, pH»7;4 at 23^0/ 5 xbM 
BDTA) and hoxnogenized with a tiflieaton tissue grinder « Olhe 
lysate was subsequently centrifuged at 200 x g for 5 minutes 

10 at '4% to pellet large fragments which were discarded. The 
st^pematant was collected and centrifuged at 40.000 x g for 
20 xninutes at 4%. Hhe pellet resulting from this 
centrifugation was washed once in ice-cold Tris ^sh buffer 
and resuspended in a final buffer containing 50 bM Tris HCl 

15 and 0.5 aH SDTA, pH87,4 at 23%. Mteanbrane preparations were 
kept on ice and utilised within two hours for the 
radioligand binding ass^s. Protein concentraticms were 
determined by the s^thod of Bradford (Anal« Biochem., 12.# 
248-254 (1976) ) . 

20 Radioligand Binding: i3h-5-HT1 binding was perforaed 

using. slight soodifications of the 5-HTid assay conditions 
reported by Herricfc-Davis and Titeler («7. NBurochem.f M# 
1624--1631 (1988)) with the omission of masking Uganda. 
Radioligand binding studies were achieved at 370c in a total 

25 voluioe of 250 )|L of buffer (50 Tris, 10 m MgCl2, 0.2 iiiM 
BDTA, 10 nM pargyline, 0.1% ascorbate, pHb7.4 at 370c) in 96 
well ndcrotiter plates. Saturation studies were conducted 
using [^BIS-HT at 12 different concentratioxia ranging from 
0«5 xdf to 100 Z3M« Displacement studies were performed using 

30 4*5**5.5 AM |;3h]5-*ET. The binding profile of drugs in 
cGopetition es^erimenta was accossplished using 10-^12 
concentrations of coiqpound. Incubation times were 30 
minutes for both saturation and displacement studies based 
LSKsn initial investigations idilc^ detemdned equilibrium 

35 binding conditions . Nonspecific binding .was. defined in the 
presence of 10 pK 5--RT. Binding was initiated by the 
addition of 50 (iL membrane homogenates (10-20 ug) « The 
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reaction was terminated by rapid filtration through 
presoaked (0.5% poyletl^leneiinine} filters using 48R Cell 
Brandel Harvester (Gaithersburg, MD) • Subsequently, filters 
were washed for 5 seconds with ice cold buffer {50 vM Tris 
5 BCl, pH87.4 at 4%}, dried and placed into vials « containing 
2*5 xnL Readi-Safe (Beckooanr Fullerton, Ch) and radioactivity 
was measured using a Beckxnan LS 5000TA liquid scintillation 
counter. Hie ef£ici»icy of counting of i3h]5-RT averaged 
between 45-50%. Binding data was analyzed by coooputer- 

10 assisted nonlinear regression analysis (Accufit and 

-AccucOTS), Lunden Software « Chagrin Falls« OH) , IC50 values 
were converted to Ki values using the Chend-Prusof f equation 
(JSiocbem, Phajraiacol., SSL, 3099-3108 {1973). All experiments 
were performed in triplicate* All of the cosipounds of the 

15 inventiwi exenoplified exhibited an IC50 at the 5-HTif 
receptor of at least 5 \xax>l. 

As was reported by R.L. Ueinshank, et al.« WO93/14201t 
the 5*^RT1P reenter is functionally coupled to a G'-protein 

as measured 1:^ the ability of serotonin and serotonergic 
20 drugs to inhibit forskolin stimulated cAMP production in 

1I1H3T3 cells transf acted with the 5-HTxf receptor. Adenylate 

qyclase activity was determined using standard techniques. 
A maximal effect is achieved by serotonin. An ^nax is 

determined by dividing the inhibition of a test coniipound by 
25 the maximal effect and determining a percent inhibition. 
IN. Adham, et dJ», sppra, ; R.L. Heinshank* et ai.# 
Proceedings of the Natioaal Acadeay of Scieoces (USA), 
89.3630-3634 (1992)), and the references cited therein. 
Measur«RBnt of cAMP formation 
30 Transfected NIH3T3 cells (estijtnated Bmax from one point 

competition 8tudie88488 fmol/XBg of protein) were incubated 
in xatEMi 5 sM theophylline, 10 jM HEPES {4*-{2-]:vdroxyethyll- 
1-piperazineethanesulfonic acid] and 10 1AI pargyline for 20 
* minutes at' 37%, 5% C02« Drug dose-^effect ctirves were th^ 

35 conducted by adding 6 different final concentrations of 

drug, followed inDOiediately by the addition of forskolin (10 
IiM). Subsegu^tly, the cells were incxsbated for an 
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additional 10 minutes at 37<%, 5% CO2 « The medium v^as 
aspirated and the reaction was stopped by the addition of 
ioo HCI« To d&nonstrate conpetitive antagonism, a dose- 
response curve for 5-HT wets xneasured in parallel, using a 
5 fixed dose of methiothepin (0.32 |4M} iSie plates were 
stored at 4% for 15 minutes and then centrifuged for 5 
minutes- at 500\x g to pellet cellulfiu: debris, and the 
supernatant was aliquoted and stored at -20% before 
assessment of cAHP formation hy radioimmunoassay (cAHP 

10 radioimmunoassay kit; Advanced Hagnetics, Candt>ridge, Vh) . 
Radioactivity was quantified using a Packard COBRA Auto 
Gamma counter « equipped with data reduction softmre, 

Ttte discovery that the pain associated with migraine 
and associated disorders is inhibited by agonists of the 5- 

15 HTiF receptor required the analysis of data from diverse 

MBd^B of pharmacological activity. To establish that the 
5-HTiF receptor subtype is respcmsible for s^iating 
neurog^iic mexiingeal extravasation tidxich leads to the pain 
of migraine, the binding affinity of a panel of cospounds to 
20 Serotonin receptors was measured first, using standard 

procedures* For example, the ability of a compound to bind 
to the 5-HTiK receptor subtype was performed as described 

supra « For comparison purposes, the binding affinities of 
compounds to the S-HTioot^ 5-HTii^^ 5-HTig and 5-HTip 

25 receptors were also determined as described siopra^ except 
that different cloned reciters were employed in place of 
the 5*-HTip receptor clone enoployed therein. "Xbe same panel 
ms then tested in the cAMP assay to determine their agonist 
or antagonist character. Finally, the ability of these 

30 compounds to inhibit neuronal protein extravasation, a 
ftmctional assay for migraine pain, %ms measured. 

The ponel ot compounds used in this study represents 
distinct structural classes of coepnpounds which were shown to 
eadiibit a wide range of affinities for the serotonin 

35 receptors assayed. Additionally, the panel C09Eq;x>unds were 
shown to have a wide efficacy range in the neuronal protein 
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excravasation assay as well. The panel of cosnipoimds 
selected for this stu<^ are described bdlow. 

5 3- 12- {diiaethylaxaino>etlvlI ••N-xnethyl-lH-indole--5- 

methanesulfcmamide butane*'l,4-di6ate (1:1) 
(Sumatriptan succinate) 




Stonatriptan succinate is conimercially available as 
ImitreK"^ or may be prepared as described in United States 
Pat^t 5,037|845/ issued August 6, 1991r %diich is herein 
incorporated by reference. 

SflapgMd '^l 

5-fluoro-3-<l-<2-<l-methyl--lH-pyrazol--4-yl>etl3yl>--4- 
piperidixxy'l>*'lH*- indole hydrochloride 
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ComDOund IV 

8-chloro-2-dietjbyIa2nino-l ,2^2, 4-tetrahydronaphthalehe 

l^drochloride 




•HO 



6-*bydroxy-3~diaietlvlaanixio-l, 2,3, 4-tetral)ydrocBrbazol8 




Cozopounds II-V are described in Onited States 
Patent #5,521,196, issued May 28, 1996, which is herein 
incorporated hy reference in its entirety. 
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gindina Assay? 

The binding affinities of compounds for various 
serotonin receptors were detracmined essentially as described 
above except that different cloned receptors are eo^lcyed in 
5 place of the 5-sri? receptor clone eiq;>loyed ther^n. ^e 
results of these binding sNperiioents are sunnarized in Table 
II. 

mfxmxss to smrmm jis-ncg) RacBPWR gqpyypBg <isirjaa» 

10 













I 


4.8 


9.6 


2520.0 


25.7 


II 


21.7 


53.6 


50.3 


2.5 


III 


163.2 


196.5 


3.9 


22.0 


IV 


13.5 


145.3 


813.0 


129.2 


V 


791.0 


16B3.0 


73.6 


10.3 



CMP fgnaafeAgn 

All of the conpounds of the panel were tested in the 
15 cKX? foxination assay described aupra and all were found to 
be agonists of the 5-HTif receptor* 

Harlan Sprague-Dawl^r rats (225-325 g) or guinea pigs 
20 from Charles River Laboratories {225-325 g) were 

anesthetized with sodium pentobarbital intraperitoneal ly (65 
mg/kg or 45 xDg/kg respectively) and placed in a stereotaxic 
frame (David Kqpf Instruments) %irith the incisor bar set at ^ 
3.5 inm for rats or -4«0 mm for gtxinc^ pigs. Following a 
25 midline sagital scalp incision « two pairs of bilateral holes 
were drilled through the skull (6 mm posteriorly^ 2.0 and 
4,0 mm laterally in ratsi 4 mm posteriorly and 3.2 and 5.2 
mm laterally in guinea pigs, all coordizzates referenced to 
bregma) . Pairs of stainless steel stimulating electrodes 
30 (Rhodes Medical Sfystems, Inc«} were lowered through the 
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holes in both hemispheres to a d^th of 9 mm (rats) or 10.5 
mm (guinea pigs) item dura. 

Ihe f «Roral vein was exposed and a dose of the test 
coopound was injected intravenously (1 xriL/kg) . 
5 Approximately 7 minutes later, a 50 mg/kg dose o£ Svans 
Blue, a fluorescent d^e, was also injected intravenously, 
The Bvans Blue complexed with proteins in the blood and 
functioned as a marker for protein extravasation « Exactly 
10 minutes post -injection of the test con^ound^ the left 
10 trigeminal ganglion was stimulated for 3 minutes at a 

ctirrent intensity of 1«0 mA. (5 Hz, 4 msec duration} with a 
Model 273 potentiostat/ galvanostat (BCt&G Princeton Applied 
Research) • 

Fifteen minutes following stimulation/ the animals were 

15 killed and exsanguinated with 20 lOL of saline, ^e top of 
the skull was removed to facilitate the collection of the 
dural menbranes. Vhe mfflft>rane saxqples vrere removed from 
both hemispheres, rinsed with water, and spread flat on 
microscopic slides. Once dried, the tissues were 

20 coverslipped with a 70% glycerol /water solution. 

A fluorescence microscope (Zeiss) equipped with a 
grating monochromator and a spectrophotometer was used to 
quantify the amount of Evans Blue d^e in each sample. An 
excitation wavel«igth of approximately 535 nm was utilized 

25 and the emission intensity at 600 nm was deteadned. The 
microscope was equipped with a motorized stage and also 
interfaced with a personal cosputer. *zliis facilitated the 
computer-controlled movement of the stage with fluorescence 
measiurements at 25 points (500 )im st^^} on each dural 

30 saiqple. The mean and standard deviation of the measurements 
%0as determined by the cc»nputer. 

The extravasation izxduced by the electrical stiimilation 
of the trigeminal ganglion was an ipsilateral effect (i.e. 
occurs only on the side of the dura in which the trigacoinal 

35 ganglion was stimailated)-. This allows the other 

(unstimulat^) half of the dura to be ixsed as a control. 
The ratio of the aumnt of extravasation in the dura from 
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the stimulated side catnpBred to the unstimulated side dura 
was calculated. Salxoe controls yielded a ratio of 
approximately 2.0 in rats and 1,8 in guinea pigs. In 
contrast, a ccaa^pound which effectively prevented the 
5 fflctravasation in the dura from the stimulated side would 
have a ratio of approximately 1.0, A dose-response curve 
tfas generated and the dose that inhibited the extravasation 
fay 50% (ZDso) was approximated, ^s data is presented in 

Table III. 

10 

InhifaifcioH of Protein Extravasation IXD^ nMol/kol 



i.v. XPg£ 

I 2.6xl0"8 

II 8.6x10-10 

III 8.9x10-9 

IV 1.2x10-'' 

V 8.7x10-9 



15 TO determine the relatioaship of binding at various 

serotonin reenters to inhibition of netironal protein 
extravasation, the binding affinity of all of the caB5>ounds 
to each of the 5-HTido, 5-BTid3, 5-HTib and S-HTip receptors 
vrns plotted against their ID50 in the protein extravasation 

20 model. A linear regression analysis t«as performed on each 
set of data and a correlation factor, R^. calculat«i. The 
results of this analysis are sunDmrised in Table IV. 
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Correlation Factor (R^l for Specific Subtype Binding 

Affinity vs Inhibition of Protein Sxtravaaation 

g-»m„Jtf»ttfflm currelation gaoter fR^^ 

5-HTlDa 0.07 
5-HTlDp 0,001 
5-HTlB 0-31 
5-HTlF 0-94 

5 

An ideally linear relationship would generate a 
correlation factor of 1.0, indicating a cause and effect 
relationship betntfera the two variables • The esq^eriiMntally 
determined correlation factor between inhibition of neuronal 

10 protein extravasation and S-HTlF binding affinity is 0.94. 
Ibis nearly ideal dependence of the ID50 in the protein 
extravasation ttiodel on binding affinity to the 5-HTif 
receptor clearly demonstrates that the 5-HTif receptor 
mediates the inhibition of psrotein extravasation resulting 

15 from stimulation of the trigem-ixial ganglia* 

Sumatriptan esdiibits low bioavailability and relatively 
short duration of action. Its affinity for a number of 
serotonin receptor subtypes givesf rise to undesirable side 
effects » particularly vasoconstriction^ which severely 

20 limits its utility in the treatment of migraine. Hie 
compounds of this invention, however, are highly 
bioavailable through several routes of administration 
including^ but not limited to, oral, buccal. Intravenous, 
subcutaneous and rectal/ Vhev exhibit a rapid onset and 

25 long duration of action, typically requiring only a single 
dose per day to maintain ther^^peutic levels. Since 
coonpounds of this invention are potent agonists of the 5- 
BTiF receptor, extremely low doses are required to maintain 

therapeutic levels. Additionally, due to the high 
30 selectivity of ccaipounds of this invention for the 5-HTip 

receptor, complications due to vasocoxistricticn are avoided. 
Cosopounds of this invention also inhibit protein 
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csxtravasation if administered prior or subsequent to 
stiniulatxon o£ the trigeminal ganglia. As such* th^ may 
either be administered prophylactically to prevent a 
migraine attack, or be administered prior to or during a 
5 migraine attack to alleviate pain. 

While it is possible to administer a compound employed 
in the methods of this invention directly without any 
fomulation* the conpo\2nda are usually administered in the 
form of pharmaceutical coiapositions convrlBing a 

10 pharmaceutically acc4^table excipient and at least one 

active ingredient. 'Oxese compositions can be a<3tadnistered 
by a variety of routes including oral, rectal, transdermal, 
svJ^cutaneous, intravenous, intraxmiscular, and intranasal « 
Many of the compounds employed in the methods of this 

15 invention are effective as both injectable and oral 

compositions. Such compositions are prepared in a maimer 
well known in the pharmaceutical art and comprise at least 
one active coogpound. Seg. e^a. . RBMimmsN's phmimaceutxcal 
ScmscBB, (16th ed« 1980} . 

20 In making the compositions employed in the present 

invention the active ingredient is usually mixed with an 
excipient, diluted by an excipiCTit or enclosed within such a 
carrier which can be in the form of a capsule, sachet, paper 
or other container. When the excipient serves as a diluent, 

25 it can be a solid, semi-solid, or liquid material, vrtiich 
acts as a vehicle, carrier or medixmi for the active 
ingredient, nius, the coznpositions can be in the form of 
tablets, pills, powders, losenges, sachets, cachets, 
elixirs, suspmsions, emulsions, solutions, syrtqos, aerosols 

30 (as a solid or in a liquid medium) , ointments containing for 
example up to 10% by weight of the active coiqpoimd, soft and 
hard gelatin capsules, siqppositories, sterile injectable 
solutions, and sterile packaged powders. 

In preparing a formulation, it may be necessary to mill 

35 the active compound to provide the appropriate particle size 
prior to cooibining with the other ingredients. If the 
active cooEBpound is substantially insoluble, it ordinarily is 
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milled to g particle size of less than 200 ir^sh* If the 
active conqpoimd is siibstantially water soluble « the particle 
size is normally adjusted fay siilling to provide a 
substantially unifoxm distribution in the forxnulation, e.g« 
5 about 40 mesh. 

SoQie examples of suitable e^ccipients incXiide lactose, 
dextrose, sucrose, sorbitol, mannitol, starches, gum acacia, 
calcium phosphate, alginates, tragacanth, gelatin, calcium 
silicate, micsrocrystalline cellulose, polyvix^lpyrrolidone, 

10 cellulose, nnater, syrup, and methyl cellulose* The 

forxmilations can additionally include: Ivtbricating agents 
such as talc, magnesium stearate, and mineral oil; wetting 
agents; emulsifying and suspending agents; presenting agents 
such as methyl- and propylhy^oxybenzoates; sweetening 

15 agents? and flavoring agents. The cooopositions of the 
invention can be forzmilated so as to provide quick, 
sustained or delayed release of the active ingredient after 
administration to the patient by enplpylng procedures known 
in the art. 

20 The coznpositions are preferably formulated in a unit 

dosage form, each dosage containing from about 0«05 to about 
100 mg, more \xs\ially about 1.0 to about 30 mg, of the active 
ingredient. *lhe term "unit dosage form* refers to 
physically discrete tmits suitable as xinitary dosages for 

25 human subjects and other mamnels, eadi unit containing a 
predetermined quantity of active material calculated to 
produce the desired therapeutic effect, in association %dth 
a suitable pharmaceutical excipiatit. 

The active confounds are generally effective over a 

30 wide dosage range. For exanples, dosages per day normlly 
fall within the range of about 0«01 to about 30 mg/kg of 
bodty weight. In the treatment of adult humans, the range of 
about 0.1 to about 15 mg/kg/dev« In single or divided dose, 
is especially preferred. Kswever, it will be understood 

35 that the amount of the CGzcpound actually administered will 
be determined by a physician, in the light of the relevant 
circumstances. Including the condition to be treated, the 
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chosen route of adodnistration^ the actual c<»qpoundi or 
coz^pounds adininiste;r8d, the age, weight, and response of the 
individxxal patient, and the severity of the patient's 



symptoms, and therefore the above dosage ranges are not 
5 intended to lixnit the scope of the invention in any way* In 
some instances dosage levels below the lower limit of the 
aforesaid range xnay be snore than adegxiate, while in other 
cases still larger doses may be asiplqy^d without causing any 
harxaful side effect, provided that such larger doses are 
10 first divided into several smaller doses for administration 
throughout the day. 



15 



Hard gelatin capsules containing the following 
ingredients are prepared: 



inffrodlent; 

20 CdDpound of Exaxnple 24 



Quantity 

(mr/cflpsutfi) 
30.0 



Stardti 



305.0 



Magnesium stearate 



5.0 



25 



Ihe above ingredients are mixed and filled into hard 
gelatin capsules in 340 quantities. 
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A tablet formula is pr^ar^ using the ingredients 



below ! 



5 



Compound of ExaiqE>le 25 



Quantity 
25.0 



10 



Cellulose, znicroczystalline 



200.0 



Colloidal silicon dioxide 



10.0 



Stearic acid 



5.0 



15 



l!he cQflopanente are blended and cosq^reased to form 
tablets, each vieis^iing 240 mg. 

Another preferred formulation ^i^loyed in the methods 

20 of the present invention enplpys transdermal delivery 

devices ("patches*') . Such tranaderxnal patches may be used 
to provide continuous or discontinuous infusion of the 
compounds of the present invention in controlled anpunts. 
*zhe construction and xxsb of transdemial patches for the 

25 delivery of phazsnaceutical agents is well known in the art. 
See, ^.a.. U.S. Patent 5, 023,252, issued June 11, 1991, 
herein incorporated by reference. Such patches may be 
constructed for continuous, pulsatile, or on demand delivery 
of pharmaceutical agents. 

30 Frequently, it will be desirable or necessary to 

introduce the pharmaceutical composition to the brain, 
either directly or indirectly. Direct techniques usually 
involve placement of a drug delivery catheter into the 
host's votitrioilar system to bypass the blood*-brain barrier. 

35 One such implantable delivery system, used for the transport 
of biological factors to specific anatomical regions of the 
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body, is described in 17«S. Patent 5, Oil < 472, issued April 
30« 1991 » which is herein incorporated hy reference. 

Indirect techniques, ^ich are generally preferred, 
usually involve formulating the corc^sitions to provide for 
5 drug latent! at ion fay the conversion of hydrophilic drugs 
into lipid-soluhle drugs or prodrugs. Latentiation is 
generally achieved through blocking of the hydroxy, 
carbonyl, sulfate, and primaiy ai&ine groiqps present on the 
drug to render the drug more lipid solxible and amenable to 

10 transportation across the blood-brain barrier » 

Alternatively, the delivery of l^ydrophilic drugs may be 
enhanced by intra-arterial infusion of hypertonic solutions 
which can transiently open the blood'-brain barrier. 

The type of formulation enqployed for the administration 

15 of the cotnpounds einployed in the methods of the present 
invention may be dictated by the particular compounds 
esnployedj the type of pharmacokinetic profile desired from 
the zt)ute of administration and the compound (s) , and the 
state of the patient* 
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We claim: 

1, A compound of the Formula I 




wherein: 

r1 and r2 are independently hydrogen, C1-C4 alkyl, 
benayl^ or a-x»ttayl-4-nitrobenzyl; 
10 X is nitro, halo/ -GRs -C3f, -NaC(0)R3, 

-C(0>r6, -NHSO2R'', or -SO2NHR^0? 

r3 is C1-C6 alkyl, C2-C6 alkenyl, C3-C8 cycloalkyl, 
phenyl, substituted phexyl, naphth/1, phenyl (C1-C4 

alkylene) , thienylmethyl* or a heterocycle; 
15 rS is hydroxy, amino, C1-C6 alkoxy, benzyloxy, phenoxy, 

or -11Hr8; 

r7 is C1-C6 alkyl, phezayl or ph^iyl xKxnosiibstituted 
with halo or C1-C4 alkyl; 

r8 is C1-C6 alkyl, C2-Cg alkenyl, C3-C8 eycloalkyl, 
20 phenyl, substituted phenyl, naphthyl, or a heterocycle; and 

r1<) is C1-C6 alkyl« phesyl or phesoyl stonosubstituted 
with halo or C1-C4 alkyl? 

m is 1 or 2; and pharjnacsutically acceptable salts 
thereof. 

25 

2. A canpotmd o£ Claim 1 where m is 1. 



3. A compound of Claim 1 where X la -KHC(0}r3» 
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4. A coBpound of Claim 3 tiahere ia selected froon the 
groiqp consisting . of phezsyl^ stibstituted phenyl or a 
heterocycle. 

5 5. A confpound of Claim 1 where X is -C(0)R^. 

6. A compound of Claim 5 where is -NHR®. 

7 . A method of increasing activation of the 5-HTip 

10 receptor in a mammal coqprising administering to a mammal in 
need of said activation an effective axnunt of a coznpound of 
Claim 1. 



15 



8. A method of Claim 7 where the mammal is a hxmoan. 

9. A pharmaceutical formulation coznprising an 
effective amoimt of a conpound of Formula 




20 X 

vribierein: 

and are independently hydrogen, C1-C4 alkyl^ 

benzyl, or a-methyl-'4-nitrobenzyl5 

X is nitro, halo, -OH, --^2, -CN, -NHC(0)r3, 
25 -C(0)r6, -NHSO2R*'. or -SO2NHR10; 

r3 is C1-C6 alkyl, C2-C6 alkenyl, C3-CB cycloalkyl, 

phenyl I substituted phenyl, naphthyl, phenyl (C1-C4 

alkylene), thiexvlmethyl/ or a heterccyclet 

R^ is hydroaqr, amino, Ci«-C6 alkoxy, benzylo^q/^ phencxKy, 

30 or -UHR^f 
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r'' is C1-C6 alkyl« phenyl or phenyl xnonosubstituted 
with halo or C1-C4 allcyl; 

r8 is Ci-Cg alkyl, .C2-C6 alkenyl, C3-C8 cycloalkyl, 
.phenyl, substituted phenyl # naphth^rli or a heteropycle; and 

R^O j.s Ci-Cg allQrl, phex^l or phenyl monosubstituted 
with halo or Ci*-C4 alkyl; 

m is 1 or 2; and pharmaceutically acceptable salts 
thereof « in coxnbinatioa with a suitable phamiaceutical 
carrier « diluent « or excipieit. 
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